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PREFACE 


This Manual is a collection of interfacing information and sample applications which focuses on the 
internal register functions and methods for use of the V6366 PCDC (Panel Display & CRT Display 
Controller). We hope this Manual will be a useful reference during your use of the V6366. 

The V6366 incorporates the MC6845 CRT Controller and is compatible with the IBM PC, so we re- 
commend that you refer to the following materials in conjunction with this Manual: 


@ The MC6845 Data Book (for example, the sections regarding “HD6845” and “HD6845S” of the 
Hitachi Microcomputer Data Book) 

@ The sections regarding the “Monochrome Display” and “Color/Graphics Monitor Adapter” of the 
IBM PC Technical Reference 

@ The Owner’s Manual for the Hercules Graphics Card 

We hope that you will inform us of any comments and questions that you might have regarding the 
contents of this Manual. 


November 1986 NIPPON GAKKI, Ltd. 
Semiconductor Division 
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1. GENERAL DESCRIPTION 


The PCDC (Panel Display & CRT Display Controller) is a display controller that has the two functions: 
(1) the display control of a high-capacity flat-panel display (hereafter referred to as a “Panel”) and 
(2) the display control of a raster-scan type CRT. By merely performing initialization, however, even 
the Panel can be used without changing the software for conventional CRTs, enabling the simple 
system configuration of a handheld or portable computer which uses the Panel. (If so required, the 
PCDC can also be used to switch the display monitor between a CRT and a Panel.) 

The PCDC is compatible with the CGA (Color Graphics Adapter), MDA (Monochrome Display 
Adapter), and HGC (Hercules Graphics Card), all for IBM PC application. In case the software and 
hardware for connecting a reguiar monitor come as a pair, the PCDC offers compatibility without 
requiring software changes (initialization is also unnecessary). Evenin case of connecting different 
monitors, initialization will only be performed once at Power Start-Up, then compatibility will be 
available without requiring any software changes. It is thus possible, for example, to run CGA 
software using an IBM monochrome monitor and the Panel. (A gray scaling/hatching display can 
be used with a monochrome monitor.) 

Because the PCDC has the display capacity of the IBM PC as well as numerous other expansion 
functions, including Kanji display, Color Palette, and the capability to simultaneously display up to 
256 colors, a high-performance display system can be easily configured. 


1-1, FEATURES 


All functions of MC6845 are builtin (excluding the Interlacing & Video Mode and the Skew function). 
In addition to a CRT or LCD, a EL and Plasma Display can also be connected. 

A 640 by 400 PEL Panel can be driven (a 720 by 350 PEL Panel can also be driven). 

A one-screen Panel or two-screen Panel (split into top and bottom halves) can be used. 
Selection of 1-, 2-, 4- or 8-bit parallel transmission of data to the Panel. . 

A two-screen panel allows, at a maximum 1/256 duty, display of up to 512 lines. 

A gray scaling/hatching display can be used with the Panel or a monochrome monitor. 

IBM PC software for 640 by 200 PELs can be directly displayed on a 640 by 400 PEL screen. (An 
8 by 16 character font can be used, and can be displayed even in Double Scan Mode.) 

In addition to the standard IBM PC Graphics Modes, a variety of other Graphics Modes are 
provided: 320 by 200 PELs x 16 or 256 colors, 320 by 400 PELs x 4 or 16 colors, 640 by 200 PELs 
x 4or 16 colors, 640 by 400 PELS x 4 colors, 640 by 350 PELs x 16 colors, and so on. 

A Protect Bit is provided for software protection. 

An SRAM or DRAM can be used as the VRAM. (Because the timing for display and the CPU are 
separate, the CPU can access VRAM at any time (without awaiting the retrace-timing.)) 

Built-in interface for the Light Pen 

With a linear RGB monitor, 16 out of 512 colors can be simultaneously displayed. 

With an EGA monitor, 16 out of 64 colors can be simultaneously displayed. 

A Color Lookup Table can even be used with an IBM color monitor. 

A Standby function is provided to conserve power dissipation. 

Kanji display capacity of 16 by 16, 24 by 24 or 32 by 32 “PELs” (picture elements or pixels). 
(Attributes can also be used). 

The font configuration can be selected. Horizontal: 6, 7, 8, 9, 10, or [8 x integer] PELs (capable 
of a mixed display of half-width and full-width text); Vertical: 1 to 32 PELs. 

Capable of smooth scrolling and (in Interlace Mode only) external synchronization 

The simultaneous display capability with an IBM color monitor and a one-screen LCD of 640 x 
200. 

@ CMOS, 5V power supply, 100-pin QFP or 84-pin PLCC 
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2-2, PIN ASSIGNMENT _ 


2-2-1. 100-Pin QFP 
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2-2-2. 84-Pin PLCC 


3 AD,/XC 


2 AD2/RAS 


| 


a 
eS 
= 
Q 
<= 
st 


Vop 
84 AD,/CAS 


83 AD, 

82 AD;/AD, 
81 AD./AD, 
80 AD,/AD, 
79 ADs/AD; 
78 ADs/AD, 
77 ADio/ADs 
76 AD, /ADg 
75 ADi2/AD; 





OE 12 74 ADs 
LD, 13 73 ADs 
LD, 14 72 ADis/GPE 
LD; 15 71 MEMW 
LD, 16 70 MEMR 
LD; 17 69 MEMRDY 
LD, 18 68 RA, 
LD, 19 67 RAs 
LD, 20 66 RA; 
esy “el 84pin PLCC (Top View) ie. 
BST 22 64 RA, 
BLA 23 63 BDiR 
HSY 24 62 CDs 
vsy 25 61 CD, 
ESY 26 60 CD, 
RD, 27 59 CD, 
RD, 28 58 CD, 
RD, 29 57 CDs 
RD, 30 56 CDs 
RD, 31 55 CD, 
RD, 32 54 iOSEL 
SaeaaooenmoaegPgeseszsst sees seseRBaes B 
tu 
sse@hiegseeesdssiisezceed 





ns pet tt NR RR 

































Address for I/O register selection. Ao is also used for selecting the high or low byte. 


Data Bus for the CPU 





MEMRDY Read/Write Ready signal for the Memory (0°: Wait) 
MEMW Controls writing to Memory 
MEMR Controls reading from Memory 
1OW Controls writing to the I/O registers 
IOR Controls reading from the I/O registers 
1IOSEL Enable signal to the I/O Register D and E (0: Enable) 








Reset signal 
Light Pen Switch signal (At RESET, specifies an 8- or 16-bit Data Bus for VRAM) 
Light Pen Detection signal (At RESET, specifies VRAM from SRAM or DRAM) 


For X’tal oscillation or external clock input 


Direction control of the bi-direction buffer for the CPU Data Bus 





Raster Address 


Raster Address or AC Conversion signal (At RESET, specifies the Hercules or CGA 
Mode) 





Data bus for VRAM (Low side) 


Data bus for VRAM (High side) 





Transmission control for the RD Bus of Character Font Data 
Output control (for SRAM) 

Latch clock for character codes 

Controls writing of VRAM 
CPU-related timing for VRAM 











ADo/XR 
AD1/XC 
AD2/RAS 
ADs/CAS 
ADs 
ADs/ADo 
ADe/AD: 
AD7/ADz2 
ADs/ADs 
ADs/AD4 
AD10/ADs5 
AD11/ADe 
AD12/AD7 
ADi3 
ADi4 
AD1s/GPE 


Signal Name 








oO o0o0ooooo0o0oo0o!;no000000o00o0o0c00o0co0c00g oc 





Addresses of 
SRAM 


Terminal Functions 


CPU RAS Address timing for DRAM 
CPU CAS Address timing for DRAM 
RAS for DRAM 
CAS for DRAM 


Addresses of 


DRAM 


Also, OR output of Bits 0 and 1 of the Control Register in Hercules Mode 


DB 

DG | for IBM color 
DR | monitor 
Di 

BFP 


Video 

BLANK 

Color Burst 
Composite Sync 


Horizontal 
synchronization 





Vertical 
synchronization 


for external 
synchronization 


Primary 
Primary 
Primary 
Secondary 
<_ 


Secondary 

Secondary 
<_ 
<_ 


<_ 


B 


Ona ® 


ies] 


for 
EGA 
monitor 


Bo 
Bi 
Be 
Go 
s 
Gi 
G2 
Ro 
Ri 
Re 


< 


< 


for linear 


RGB monitor 


LD4 

LDs 

LDe 

LD7 

LDo 

LDi | for 
LD2 | Panel 
LDs 

HSY 
SCK 

VSY 


(ECK 


3. I/O REGISTERS 


All operations of the PCDC are controlled by the settings of the I/O registers. For example, the setting 
of the monitor’s cycle and Sync signal position is performed by the 6845 Index/Data Register, and 
the switching between the alphanumeric display and graphics display is performed by the Mode 
Register. A large number of the I/O registers have IBM PC-compatible addresses and functions. 
The expansion functions for IBM PC, beginning the setting for the connection method with the Panel, 
are organized within the Register Bank. Therefore, by merely performing initialization at Power 
Start-Up, IBM PC software can be used without requiring any changes. (In case of the standard 
combination consisting of software and a monitor which do not require the expansion functions, 
initialization also becomes unnecessary.) 


ADDRESS DATA 





6845 Data (x: Don’t care) 
* 


* Preset Light-Pen (in Hercules Mode) 


Clear Light-Pen 
Preset Light-Pen (in CGA Mode) 








Bank Data 


Control/ID 








nmmoo wro ow 





NOTES: 


1. The register marked with a “x” symbol can be read when RREG='1' (for a multi-tasking 
OS; see subsection 3-6-15, “Address 29H”). 
2. Registers D and E (Bank Address and Data) can only be written when the IOSEL pin is ‘0°. 












(Furthermore, they cannot be written unless Bit 7 (Protect) of the Control/ID Register is 
eae 
3. When a write-only register is read, it will assume high-impedance status (and the BDIR pin 
will also output 0’). 





Writing to the registers is controlled by the IOW pin. (While IOW='1,, the contents of Data Bus 
CDo-CD7 are written to the registers). Reading of the registers is controlled by the IOR pin. (While 
lIOR='1', the data from the registers are output to Data Bus CDo-CD7.) With a 80 type CPU, writing 
to the registers is executed by the [I/O OUT command, whereas reading of the registers is executed 
by the I/O INcommand. A register is selected according to the lower four bits of the Address signal 
from the CPU at the Ao-A3 pins. 


When an I/O register has been read, the conditions for output to Data Bus CDo-CD7 are as follows: 
[(l/O Registers 8 + 9) x RREG + (I/O Registers A + F) + 6845 Data Register] x |OR 


In all other cases, the I/O register will assume high-impedance status. The BDIR pin will also be 
set to ‘1° under the preceding conditions. Consequently, when PCDC is used as an MDA, the I/O 
Registers C, D, and E will be assigned for printer use by IBM PC; however, even when those registers 
are read, there is no fear of their data colliding on the Data Bus. If the IOSEL pin is set to a decode 
value that differs from “3BH” for monochrome use, any attempts to write to the Register Bank will 
be unsuccessful (That is, even if the IOSEL pin is decoded as “3BH”, the registers will be protected 
by Bit 7 (Protect) of the Control/ID Register.), thereby maintaining the PCDC’s compatibility with IBM 
PC. 











3-1. 6845 INDEX/DATA REGISTERS 


6845 performs such functions as the generation of Horizontal and Vertical Sync signals, generation 
of the Refresh address to the VRAM for storing the Display Data, cursor control, Light Pen detection, 
and so on. 





Index g. Preset | Preset Mode 

A3 A2 i Mode Pre: 

; Preset value 
0 =#2~0 Horiz. Total OS: 
0 O Horiz. Disp Offset value 
0 O Hsy. Position a : 

Fixed to 
0 O Sync. Width V3 V2 V1 Vo}H3s He Hi Ho Non-Inter- 
Blank: 
Oo 1 Vert. Adjust Use of 6845 
0 1 Vert. Disp Register 
0 1 Vsy. Position a ae 
When PRE= 1 
1 #O Interlace 
1 #O Max. Scan 
1 #O Cur. Start 
1 #0 Cur. End 
1 1 Start Adr. (H) 
1 #1 Start Adr. (L) 
1 #1 Cur. Adr. (H) 
1 1 Cur. Adr. (L) (x: Don’t care) 
0 O Light Pen (H) 
0 O Light Pen (L) 
NOTES: 


1. A11°0° will be output when a write-only register is read (and the BDIR pin will also output 
“AC: 

2. When a read/write register is read, the registers marked with an “X” will output ‘0’. 

3. Bit 7 of R4, R6, and R7 as well as V3-Vo of R3 are valid only when 45S ='1°. (The default status 
alter Reset is 45S='0°. See subsection 3-6-5, “Address 3FH.”) 





3-1-1. Index Register 


The Index Register is a five-bit address register for specifying Ro to R17 of the 6845 Register. Prior 
to writing to or reading Ro-Ri7, it is necessary to write the addresses to this register. 


3-1-2. Horizontal Total Register (Ro) 


This register sets the cycle for horizontal scanning. When the total quantity of horizontal characters 
is “M”, “M-1” shall be written to this register. In Interlace Mode, the “M” value must be an even 
number. Set this “M” value to an even number in High Resolution Text Mode as well (because if 
the value is set to an odd number, it will be regarded as “an odd number + 1”). 


3-1-3. Horizontal Displayed Register (R1) 


This register sets the total quantity of display characters per line, and is set with an arbitrary value 
that is smaller than the total quantity of horizontal characters. In High Resolution Text Mode, an 
even number shall be set (because the setting of an odd number will be regarded as “an odd number 
- 1”). 


3-1-4. Horizontal Sync Position Register (R2) 


This register sets the position of the Horizontal Sync signal, and is set in horizontal character units. 
An arbitrary value that is smaller than the total quantity of horizontal characters can be set. When 
the horizontal sync position is set to the “Hth” character, “H - 1” will be written to this register. 


3-1-5. Sync Pulse Width Register (R3) 


This register sets the respective pulse widths for Horizontal and Vertical Sync signals. The pulse 
width for Horizontal Sync signals is set in horizontal character units within a range of 1-15 ("0”" cannot 
be used) at the lower four bits of this register. The pulse width for Vertical Sync signals is set in 
horizontal scan units at its upper four bits. When 45S ='1', a value in the 1-16 range (an “0” setting 
will be regarded as “16”) can be set at the upper four bits; when 45S = ‘0’, the upper four bits will 
be set to “16” regardless of their contents. 


3-1-6. Vertical Total Register (R4) 


This register sets the cycle for vertical scanning. When the total quantity of character-lines is “N”, 
“N - 1” will be written to this register. 


3-1-7. Total Raster Adjust Register (R5) 


This register adjusts the total quantity of scan lines per field, and the raster quantity that is appended 
to the end of one field shall be set within a 0-31 range. Write “0” when a two-screen panel is in use. 
(In case the software prevents “0” from being written, assume Preset Mode then set Vert. Adjust 
to “0”.) 


3-1-8. Vertical Displayed Register (Re) 


This register sets the time period for vertical display, and shall be set in character-line units to an 
arbitrary value that is smaller than the total quantity of vertical characters. 


3-1-9. Vertical Sync Position Register (R7) 


This register sets the position of the Vertical Sync signal, and is set in character-line units. An 
arbitrary value that is smaller than the total quantity of vertical characters can be set. When the 
vertical sync position is set to the “Vth” line, “V - 1” will be written to this register. 


NOTE: __ 


When 45S ='1', writing to Bit 7 of R4, R6 and R7 can be performed; when 45S='0', however, 
‘0° will be compulsorily written. 


3-1-10. Interlace Register (Rs) 


This register specifies the Raster Scan Mode. Setting the LSB “S” to 0° will select Non-interlace 
Mode; setting it to 1° will select Interlace Mode. (The Interlacing & Video Mode is not supported. 
The CUDISP Skew and DISPTMG Skew functions are also not supported.) 

In Interlace Mode, scanning will be performed so that the rasters of the odd fields will interpolate 
those of the even fields. 

In Non-Interlace Mode, these rasters of even and odd fields follow the same track. 

The Panel can only use the Non-Interlace Mode. 


3-1-11. Maximum Raster Address Register (R9) 


This register sets the quantity of rasters for one character-line, including the space between lines. 
When the raster quantity for one line is “RN”, “RN - 1” will be written to this register. 


3-1-12. Cursor Start Raster Register (R10) 
This register specifies the Raster address for starting the cursor display as well as specifying the 


cursor display mode. The Raster address for starting cursor display is set at the lower five bits of 
this register, and the cursor display mode is specified at its higher two bits. 









e Cursor Display Modes 
x Cursor blinks in 16-field cycles (ON : OFF ratio = 1: 1) 
0 Cursor is not displayed 


Cursor blinks in 32-field cycles (ON : OFF ratio = 1: 3) (x: Don’t care) 


3-41-13. Cursor End Raster Register (R11) 


This register sets the Raster address for ending the cursor display. 
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Cursor Start Address = 8 Cursor Start Address = 1 Cursor Start Address = 7 
Cursor End Address = 9 Cursor End Address = 5 Cursor End Address = 1 


Cursor Setting Values and Display Examples 
The Cursor Start Address and Cursor End Address will generally satisfy the following condition: 


0 S Cursor Start Address S Cursor End Address S Maximum Raster Address 


However, in case the relationship between the Cursor Start and End Addresses is the opposite of 
the above, the cursor will be displayed as split into top and bottom halves. If only the Cursor End 
Address is larger than the Maximum Raster Address, the cursor will be displayed at all rasters (in 
character units). Conversely, if only the Cursor Start Address is larger than the Maximum Raster 
Address, the cursor will not be displayed. 


3-1-14. Start Address Registers (R12, R13) 


These registers set the Memory Address for starting the screen display. (R12 is the high-order portion 
of the address, and the total address consists of 14 bits). By dynamically rewriting the contents of 
these registers, paging and scrolling can be easily performed. 


3-1-15. Cursor Address Registers (R14, R15) 


These registers set the Display Address of the cursor. (R1i4is the higher-order portion of the address, 
and the total address consists of 14 bits.) 


3-1-16. Light Pen Registers (R16, R17) 


These registers memorizes the Detection Address for the Light Pen. (R16 is the higher-order portion 
of the address, and the total address consists of 14 bits.) Since the Memory Address at the rising 
edge of the Light Pen Strobe signal (LDT pin) is memorized, it is necessary to consider the delay 
of the Light Pen Detection Circuit and rectify the Memory Address. With LCDs and similar panels, 
this register is invalid (that is, the register can be read, but its contents will have no meaning). 


3-1-17. Precautions on Usage 


Be sure to write to the Cursor Address Register during the horizontal/vertical retrace timing, and 
write to the Start Address Register during the displayed timing. For the other registers, avoid writing 
during display as much as possible (in case writing is performed, amomentary flickering of the screen 
may occur). Especially in the case of the Horizontal Total Register, Vertical Total Register, Interlace 
Register, and Maximum Raster Address Register, the scanning cycles are likely to become chaotic. 
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If Bit 3 (Enable Video) of the Mode Register is set to ‘0’, the display will be switched OFF, eliminating 
the need to consider the timing for writing to the registers. 

The CRT Controller 6845 is available in two types, 6845 and 6845S, which are slightly different. 
The relationship and differences between these two types and the PCDC are summarized as follows: 


Different Functions 6845 6845S PCDC 













interlacing & Video Mode The method for setting the quantity in the vertical direction, | No support 
the quantity of rasters per line, and the cursor display are 














different. 
Vertical Sync signal Fixed to 16-raster width Programmable from 1to 16} Similar to 6845 when 
Pulse width 45S='0° 
Similar to 6845S when 
45S='1 
Skew function None DISPTMG and CUDISP have | None 
the Skew function 
Start Address Reading impossible Reading possible Reading possible 








Cursor display (When Start | Displayed split into top and | No display 
Address is larger than End ; bottom halves 
Address) 


Displayed split into top and 
bottom halves 





Cursor Display Mode | Cursor does not blink Cursor does not blink Cursor blinks every 16 fields 
(When B=P=0) 


Vertical-direction setting 7 bits 7 bits 7 bits when 45S= 0° 
Bit quantity of registers 8 bits when 45S= 1° 


NOTES: 
1. The registers for setting the vertical direction indicate the Vertical Total Register (R4), Vertical 
Displayed Register (Re), and Vertical Sync Position Register (R7). (With PCDC, the bits up 
to Bit 8 can be set.) 
2. The Default status after RESET of PCDC is 45S='0’. 
3. The IBM-PC sets the cursor display mode at B=P=0 while enabling the 16 field blinking in 
the external circuit. 








3-1-18. Sample Setting Values using IBM PC 


Hercules 


Text | ; 
Graphic | Graphic 





Reg. Type 





80 X25 
| Horie Tows | - 38 6 | 35 
Horiz.Disp 28 50 2D 
Hsy.Position 2D 52 2E 
Sync.Width 0A OF 07 
Vert. Total TF 19 5B 
Vert.Adjust 06 06 02 
Vert.Disp 64 19 57 
Vsy.Position 70 19 57 

Interlace 02 02 02 
Max.Scan 0D 

Cur.Start ae 0B 

Cur.End 7 oc 

















R 

R2 
R 3 
R 4 
R5 
R 6 
R7 
R 8 
R 9 
R 


6) 
—-o 








Generally, the values listed in the preceding table are the setting values for IBM PC. In the following, 
the horizontal/vertical cycle shall be calculated from the master clock frequency. 


1. Since the master clock frequency of CGA is 14.318 MHz, acharacter unitin Graphies Mode consists 
of 16 PELs, and Ro (Horiz. Total) is “56” in decimal, the horizontal cycle will be as follows: 


14.318/16 
——————— = 0.01569956 MHz > 15.7 KHz 
56 + 1 
R4 (Vert. Total), R5 (Vert. Adjust), and Ro (Max. Scan, which determines the bank number for bank 
switching) are respectively “127”, “6”, and “1” in decimal, and the quantity of scan lines becomes 


(127 + 1)x(1 + 1) + 6 = 262 lines, so that the vertical cycle will be as follows: 
15.6 
a = 0.05992 KHz — 59.9 Hz 


These values are close to the values of Horizontal Cycle = 15.75 KHz and Vertical Cycle = 60 
Hz, which are the specifications of the IBM color monitor. 


2. Since the master clock frequency of HGC is 16.257 MHz, the font configuration in Text Mode is 
9 by 14 PELs (Max. Scan is determined according to the 14 PELs in the vertical direction), and 
Ro is “97” in decimal, the horizontal cycle will be as follows: 
16.257/9 
—_—— = 0.01843197 MHz > 18.43 KHz 


R4, R5, and Rg are respectively “25”, “6”, and “13” in decimal, and the quantity of scan lines 
becomes (25 + 1) x (13 + 1) + 6 = 370 lines, so that the vertical cycle will be as follows: 


18.43197 
370 


These values are close to the values of Horizontal Cycle = 18.432 KHz and Vertical Cycle = 
50 Hz, which are the specifications of the IBM monochrome monitor. 


3-2. MODE REGISTER (I/O Register 8) __ 


= 0.049816 KHz — 49.8 Hz 


(Cleared by RESET) (Can be read when RREG='1') 
Bit 0 High Resolution Text (Fixed to “1” in Hercules Mode) 
1 Graphics 
2 Black/White (Fixed to “1” in Hercules Mode) 
3. Enable Video 
4 High Resolution Graphics (Fixed to “1” in Hercules Mode) 
5 Blink 
7 Page Set (Valid only in Hercules Mode) 
NOTE: er arama 








In Hercules Mode, Bit 1 (Graphics) can only be written when Bit 0 of the Control/ID Register 
is 1°. Bit 7 (Page Set) can only be written when Bit 1 of the Control/ID Register is ‘1. 





This register sets the Operating Mode. The function of each bit is described as follows: 
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Bit 0: 


Bit 1: 


Bit 2: 


Bit 3: 


Bit 4: 


Bit 5: 


Bit 7: 


Selects the text resolution for Text Mode (Bit 1 (Graphics) = ‘0°). When Bit 0O=°1° (High 
Resolution Text Mode), the data from the CG-ROM is sequentially displayed in PEL units; 
however, when Bit 0='0° (Low Resolution Text Mode), the data is expanded so that two 
PELs (a Double PEL) are displayed at a time. 


01234567 0123 45 67 8 9 1011 1213 1415 
0 | 0 | =e 
| | iE | | 
2 = «6 2 an =n 
3 a 3 ne 
4 | 4 | | 
5 g 5 a 
6 ai 6 ae 
7 7 
BitO = ‘1 BitO = 0 


Selects either Text Mode or Graphics Mode. Setting Bit 1='1 selects the Graphics Mode. 


Selects either Color or B/W Mode. This bit is only valid for Composite signals and 2 Bit 
Graphics Mode, however, and RGB output will result in color display regardless of this 
bit’s set value. When Bit 2= ‘1’, the B/W Mode will be assumed and the Color Burst signals 
for Composite signals will not be output. 


Controls the Display ON/OFF status. When switching modes, be sure to switch the display 
OFF for a fixed period to avoid the display of disorderly contents on the screen. When 
Bit3= ‘0’, the display will be switched OFF. Atthis time, the display of the cursor and border 
will be continued. 


Selects the resolution of Graphics Modes. Setting Bit 4='1 selects High Resolution 
Graphics Mode. With IBM PC, Bit 4=‘1° will result in a 640 by 200 PEL Graphics Mode 
and Bit 4= ‘0 will result in a 320 by 200 PEL Graphics Mode. 


Controls the blinking of text (valid only in Text Mode). When Bit5= ‘1°, the MSB of Attribute 
assumes blinking control and one out of eight colors can be selected for the text back- 
ground. When Bit 5= 0, blinking will be disabled and one out of 16 colors can be selected 
for the text background. A blink cycle consists of 32 fields. 


The Hercules Mode employs 32K bytes for one screen. The 64K-byte FULL Mode has the 
capacity for two pages, however, and the page is selected by Bit 7. When Bit 7= ‘1’, the 
second page will be displayed. 


The mode settings for IBM PC are summarized below. (For details on the Operating modes, see 
CHAPTER 4, “OPERATING MODES.”) 





Mode Reg. IBM-PC 
Standard Mode 


Low Resolution Text 40 x 25 A/N 


High Resolution Text 80 x 25 A/N 
Low Resolution Graphic 320 x 200 GR 
High Resolution Graphic 640 x 200 GR 


Biack/White : Don’t care 
Enable Video 
Blink 
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3-3. COLOR REGISTER (I/O Register 9) 


Bit 0  SEL—B 
1 G 

2 R 

3 | 

4  SEL—Intensified 

5 SEL—Color Set 


Selects the border/background colors 


Selects the color in 2 Bit Graphics Mode 


This register performs color specification of the border color in Text Mode or color selection in 
Graphics Modes. 


Bits 0-3: Specify the border color in Text Mode or Graphics Modes (excluding 1 Byte High Resolution 
Graphics Mode). In 2 Bit (four-color) Graphics Mode, they also specify the background 
color. In 1 Byte High Resolution Graphics Mode, they also specify the color of the PELs. 
Bits 0 to 3 respectively specify B, G, R, and Intensity. 

Bit 4: Specifies the intensity of Colors 1-3 in 2 Bit (four-color) Graphics Mode. 

Bit 5: Selects one of two color settings (SET1 or SET2) in 2 Bit (four-color) Graphics Mode. Setting 
Bit 5="1 selects SET2. When Bit 2 of the Mode Register is ‘1°, both SET1 and SET2 will 


become identical. 


The colors in 2 Bit (four-color) Graphics Mode are summarized as follows: 














SET1 

Color a 

| R G B 
ean SEL SEL SEL SEL SEL SEL SEL|SEL SEL SEL SEL 
Background 1 oR G B R Bit A ‘6 “es 
Color 1 co: A OO 1 
Color 2 eo 4 > 0 0 
Color 3 Se ee 1 





NOTES. 


1. The background color is specified by Bits 0 to 3. 
2. SEL IN is equivalent to Bit 4, and the SET1/SET2 selection is performed by Bit 5. 
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3-4. STATUS REGISTER (I/O Register A) 





Bit 0 


“N @ DD 


Hsync Display Timing 
Light Pen Trigger Light Pen Trigger 
Light Pen Switch Light Pen Switch 
Video Vsync 
Vsync 
t t 
Hercules Mode CGA Mode 


This read-only register is used to know the LSI internal status. For a large number of 6845 registers, 
including the Cursor Address Register, it is advisable to perform writing during the horizontal/vertical 
retrace timing; and it is advisable to write to the Start Address Register during the displayed timing. 
It is thus necessary to know the LSI internal status (retrace timing or displayed timing). At this time, 
the Status Register shall be used. (If Bit 3 (Enable Video) of the Mode Register is ‘0’, the display 
will be switched OFF, eliminating the need for considering the timing for writing to the registers.) 
The functions of each bit are as follows: 


Bit 0: 


Bit 1: 


Bit 2: 


Bit 3: 


Bit 7: 


Indicates the timing of Horizontal Sync signals in Hercules Mode (when Bit 0 = ‘1), or 
indicates the displayed timing in CGA Mode (indicating that displayed timing is in process 
when Bit 0 = 0°). 


Indicates the contents of the Light Pen flip-flop which shows whether or not the Light Pen 
Address has been newly memorized at the rising edge of the Light Pen Strobe signal. 
(LDT pin) Bit 1='1° indicates the memorized status. 


Indicates the status of the Light Pen’s Switch signal (LSW pin). (For IBM PC, Bit 2='0 
indicates the Switch ON status.) Since chattering prevention circuit is not built-in, chattering 
must be eliminated by software. 


Indicates that Video Dot data is being output in Hercules Mode. This bit is for testing 
purposes and a ‘1° setting indicates that the data is being output. It indicates the Vertical 
Sync signal in CGA Mode (when Bit 3 = ‘1)). 


Indicates the Vertical Sync signal only in Hercules Mode (when Bit 7 = ‘1°). (0° will be 
output in CGA Mode.) 





3-5, CLEAR/PRESET LIGHT PEN 


Preset LightPen I/O9 /OC 
Clear Light Pen I/OB /OB 
t t 


Hercules Mode CGA Mode 


The Light Pen flip-flop that indicates whether the Light Pen Address has been newly memorized 
can be cleared by writing to I/O Register B (any data can be written). Setting of the Light Pen flip-flop 
can be accomplished by writing to |/O Register 9 in Hercules Mode or to I/O Register C in CGA Mode. 
(Since this bit is for testing purposes, any data can be written at such time.) 


The procedure for reading the Light Pen Address is as follows: 


1. Clear the Light Pen flip-flop by writing to Register B. 

2. Read to Status Register to know whether or not the Light Pen flip-flop was set at the rising 
edge of the Light Pen Strobe signal. 

3. If it was not set, repeat Step 2 above. 
If it was set, read the Light Pen Address (Rié and R17) then return to Step 1. 


17 


3-6. BANK ADDRESSES AND DATA 





Address Data 


As A4 Az Az Ait Ao| Dz De Ds Dasa Ds D2 Di Do pe bank address is automatically eae 






ye . . . : : eg 
OOo (O° OOO se ee ee each time data is written in (I/O register — E). 

| | Color Palette #0 
of0 0 0 of1|x . 

! | 

| | 
0 | sie ee Ae Re Ri Ro 

| Color Palette #15 
oli 44 14 Bz Bi Bo 
i a 
1 0/]0 0 0O 
1 0 | 0 0 0 
1 0 | 0 0 1 V adj 
1 O|0 oO 1 H adj 
1 #O ! 0 1 =O 
1 O|,0 1 =O SYTH HERC SRAM 8BUS 16CP BINH| , 
1 O : 0 1 14 RA4 A15 exe] 7, | 2 ne 0 
1 #O | 0 1 #41 1 js o | 1EN EXTS IINH ACM CPLE PRE 
1 oli 0 0 SWC VST SSY SSCK H/E R/M ei 
1 #O : 1 0 0 
1 O|[1 0 1 
1 ol1 0 1 
1 1 | 0 OO O Pre 
1 1 | 0 0 0 os 
1 1,0 0 1 Os 
| 
1 1/0 0 1 Pre 
44 | a a ; 6845 Preset Data (For Text) 
re 
1 14;0 1 «0 Pre 
1 1 ! o 1 1 Pre 
1 #1 l o 1 1 
1 14/11 0 0 Horiz. Total Pre 
1 #1 : 1 #O O Hsy. Offset OS 
1 1]1 O 1 Vsy. Offset OS 
1 111 0 1 Sync. Width Pre 
! Pace amr nance 

1 #1 l 1 1 #0 Vert. Total Pre 
1 da[1 14 0 GOE HDB LAS Vert. Adjust Pre 
1 #d!11 1 ~=71 UL. Position 
ae te! =o a ee ah 


x: don’t care 
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The expansion functions from IBM PC are organized within the Register Bank by Registers D and 
E. Register D serves to specify the address of a register bank, and Register E serves to set the data. 
(The configuration is similar to that of the 6845 Index/Data Register.) Since the addresses of the 
register banks are provided with an Auto Increment function, the mere setting of the first address 
will cause the successive addresses to be automatically incremented by one each time data is written 
to Register E. In the case of the Color Palette and 6845 Preset Data, this convenient function enables 
data to be consecutively written. 

Due to their relationship to the expansion functions from IBM PC, Registers D and E are provided 
with software protection by a double-protection feature. Data can be written to the registers only 
in the case both the IOSEL pin is ‘0° and Bit 7 (Protect) of the Control/ID Register is ‘1. Because 
the contents written to the register are valid regardless of the IOSEL and Bit 7 (Protect) status, IBM 
PC software can be run with confidence if the IOSEL= ‘1° and Bit 7 (Protect)= ‘0° settings are im- 
plemented as soon as initialization is completed. 

















3-6-1. Color Palette (Addresses 0OH-1FH) 


Regarding the PEL color data IRGB as input, the Color Palette has a 16-address x 9-bit data capacity 
with respect to the data that is to be converted to the PEL color data which will actually be displayed. 
Consequently, if three bits each of the nine-bit data are respectively assigned to R, G, and B, then 
and a linear RGB monitor is connected via a digital-to-analog converter, any 16 out of 512 colors 
can be simultaneously displayed. If an EGA monitor is connected, six bits can be used as a Color 
Palette for a simultaneous display of any 16 out of 64 colors. And ifan!BMcolor monitor is connected, 
four bits can be used as a Color Lookup Table. In any of the above cases, CPLE must be set to ‘1° 
(For the linear RGB monitor, the SWC = ‘1 setting is also required.) When CPLE = 0’, the Color Palette 
will not operate and the PEL color data IRGB will be directly output. The functions of each bit of the 
Color Palette and their method for use with each monitor is summarized below: 


































































































Color Palette Monitor Monitor 

Ri Red 2! a Intensity 2° 

Ro Red 2° Secondary B Intensity 2? 

Ge Green 22 Secondary R A, ee el Intensity 2" 

Go Green 2° Secondary | G ae 
Bo Blue 22 Primary R i 

Bi Blue 2" Primary G G ——— 
Bo Blue 2° Primary B 





[2.5 fie enn ee nce Sl was eB as eS Ce Se LS ERIE ODE SE A SEEN ET, 
The monochrome monitor can also be used in a manner similar to the Panel. 
Intensity is used with a monochrome monitor or a plasma display capable of gray scaling. 
For the Panel, the Color Palette is also used for converting the PEL color data either to a specified 


half-tone or to a specified hatching pattern. (With a monochrome monitor, the Color Palette can 
similarly be used for converting to a half-tone or a hatching pattern.) Since the Panel cannot perform 
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color display, in the case CGA software has been executed, the color data will be indistinguishable 
unless the color data is converted to some half-tone or hatching pattern. The Color Palette is used 
for correspondence of the colors with the half-tone and hatching patterns (and must be used with 
CPLE=°‘1)). 


One datum of the Color Palette consists of two bytes, and writing of the data must be performed in 
the sequence of an even address byte followed by an odd address byte. The data will actually become 
valid for the Color Palette upon writing an odd address byte. 


3-6-2. Gray Scaling and Hatching 


In case of display of the CGA software, the Panel (including Monochrome monitors) will be incapable 
of color display and gray scaling, so the display pattern cannot be distinguished. In such cases, 
by synchronizing Fields 3 and 4 and changing the transmission frequency of the display data, a graded 
display can be achieved and converted to a hatching pattern which deals with the color display 
problem. Because the response rate of an LCD is slow, this method for applying a graying scale 
is very effective. But the use of a hatching pattern is recommended because flickering of a graying 
scale will result when a quick responsive papel (plasma display, EL or monochrome monitor) is 
used. When R1-G1 is set at the upper four bits of the Color Palette, the display will be converted 
to gray scaling and Hatching according to the below correspondence. (A combined display of gray 
scaling and hatching is also possible.) 








Ri Ro Ga 
0 0 O 0}; | } Display OFF 
0 0 O 17] | ms1/4 
0 0 1 0] tLHfpme 2/4 Gray Scaling 
0 0 141 14/LF—~ 3/4 
0 1 0 0; fT 100% 
0. or BO. “hele > ie 
Combination of Gray 
Or. 1. ae ORLY bd : ; 
Scaling and Hatching (1/2) 
0 tt Pee: FOO] 
1 0 0 0} LLM 1/3 
Gray Scaling 
1 0 0 1 i es 2/3 
1 Oo #14 0 1/3 
1 0 1 1 2/3 
1 1 Qo 860 3\1 
1 1 Oo 1 3\2 A BA! ZI Hatching 
, WA VACA | 
1 1 1° 0 2|3 1/3 2/3 «2/3 «1/2 
1 1 1 1 1/2 


With CGA graphics software, a four-color display is adequate, so it is recommended that the user 
sets the gray scaling and hatching of his/her own preference. (Since a maximum 16-color display 
is possible in Text Mode, itis recommended that MON be set to ‘1° to convertto a monochrome display, 
then a clear display be implemented (Set Black as Display OFF and White as 100%.).) 


20 


With a monochrome monitor or a Panel capable of Intensity input, if IEN is set to 1° and Intensity 
is set for output to LD7-LD4, a good gray scaling or hatching display can be achieved. (A double- 
sequence input can be made to the monitor so high or low intensity can be used even for hatching 
alone.) 


3-6-3. 6845 Preset Data (Addresses 30H-36H, 38H-3EH) 


in cases of executing CGA software with an [BM color monitor or executing Hercules software with 
an IBM monochrome monitor, the software and monitor form a standard combination. In such cases, 
proper operation can be achieved by setting PRE='0° (Default status after RESET) and using the 
6845 Register as is. In cases of executing CGA software with an IBM monochrome monitor or ex- 
ecuting CGA software (for 640 by 200 PEL display) with a display having a 640 by 400 PEL display 
area, it will become necessary to convert the data for 6845 Register to values suitable for the monitor 
being used. Since certain software may switch often between Text and Graphics Modes, merely 
initializing the 6845 Register will not result in proper operation in some cases. (The 6845 is rewritten 
upon changing modes, resulting in improper operation.) To cope with this problem, the 6845 Preset 
Data is provided. (There are two types of Preset Data each for the Text and Graphics Modes, so 
proper operation is ensured even if the mode is switched.) That is, the registers related to the 
horizontal and vertical cycles, which are fixed values according to the monitor (The values cannot 
be rewritten by software. With the IBM PC software, however, the values written to 6845 and those 
suitable for the monitor are different.), are set to Preset values (When PRE = ‘1° in Preset Mode, the 
Raster Scan Mode will always be fixed to Non-Interlace Mode.) then used in place of the 6845 Re- 
gisters (thereby enabling the setting of horizontal and vertical cycles that are suitable for the monitor 
in use). Moreover, the Offset value is introduced to the registers related to the horizontal/vertical 
sync position and the Cursor Start/End Raster Addresses, which are values that can be rewritten 
by software but will not directly match the monitor in use, so that the contents of the 6845 Registers 
will be shifted by this Offset value for use. Furthermore, the other registers, which have a high 
possibility of being rewritten by software but can be used directly with no problem, the 6845 Registers 
shall be used as they are. © 

The 6845 Preset Data is only valid when PRE = ‘1’ in Preset Mode. The Preset value for the Horizontal 
Total and the Offset value for the Horizontal Sync Position should be written with values in High 
Resolution Text Mode. In Low Resolution Text Mode, these values will be automatically halved for 
use. 


3-6-3-1. Horiz. Total (Addresses 30H, 38H) 
This is the Preset value for the Horizontal Total Register (Ro). In Preset Mode, this value is 
used in place of the Ro value. Its setting procedure is identical to that for the 6845 Register 
Ro. 


3-6-3-2. Sync. Width (Addresses 33H, 3BH) 
This is the Preset value for the Sync Pulse Width Register (R3). In Preset Mode, this value is 
used in place of the R3 value. Its setting procedure is identical to that for the 6845 Register 
R3. (In Preset Mode, this function is equivalent to the 45S=‘1 status, regardless of the 45S 


setting.) 
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3-6-3-3. Vert. Total (Addresses 34H, 3CH) 
This is the Preset value for the Vertical Total Register (R4). In Preset Mode, this value is used 
in place of the R4 value. Its setting procedure is identical to that for the 6845 Register R4. 


3-6-3-4. Vert. Adjust (Addresses 35H, 3DH) 
This is the Preset value for the Total Raster Adjust Register (R5). In Preset Mode, this value 
is used in place of the R5 value. Its setting procedure is identical to that for the 6845 Register 
R5. 


3-6-3-5. Max. Scan (Addresses 36H, 3EH) 

This is the Preset value for the Maximum Raster Address Register (R9). In Preset Made, this 
value is used in place of the Rg value. Its setting procedure is identical to that for the 6845 
Register Rog. 

Even incases where the monitor and software do not form the standard combination, this register 
enables the use of a font suitable to the monitor. For example, CGA software that employs a 
font of an 8 by 8 PEL matrix can be displayed on a monochrome monitor that uses a 9 by 14 
PEL matrix (when this register (Address 36H) is set to ODH.) 


3-6-3-6. Hsy. Offset (Addresses 31H, 39H) 
This is the Offset value for the Horizontal Sync Position Register (R2). in Preset Mode, this value 
is added to the 6845 Register R2 value for use. Since the Offset value is expressed in two’s 
complements, it can be set in the range of —128 to +127. In the case an underflow occurs 
due to the offset, the sync position is regarded as OOH. Attention is required because no 
countermeasures are provided in case of an overflow. If no offset is desired, write OOH to the 
Offset value. 


3-6-3-7. Vsy. Offset (Addresses 32H, 3AH) 

This is the Offset value for the Vertical Sync Position Register (R7). In Preset Mode, this value 
is added to the 6845 Register R7 value for use. Since the Offset value is expressed in two’s 
complements, it can be set in the range of — 128 to +127. (Care is necessary when a negative 
value will be set, because unless such setting is performed with 45S set to ‘1°, ‘1° will not be 
written to its MSB.) In the case an underflow occurs due to the offset, the sync position is re- 
garded as OOH. Attention is required because no countermeasures are provided in case of an 
overflow. If no offset is desired, write OOH to the Offset value. 


3-6-3-8 Address 3DH 


D7 De Ds D4 Ds D2 D1 Do 


|aor HDB Las | Vert. Adjust | 


(GOE, HDB, and LAS are cleared by resets.) 


(1) LAS: Output the preset values for the light pen address 


With multitasking software such as MS Windows or Sidekick, it is necessary to know whether 
display is handled in A/N mode or in graphics mode. In the PCDC when RREG goes to ‘1, it 
is possible to read the mode registers, etc. but on CGA boards for the IBM-PC, this function 
is lacking so the mode is inferred with the light pen address. (When the software operates 
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through the BIOS, the current mode is written in the BIOS RAM, so there is no need for such 
inference, but some software (for example, Lotus 1-2-3) changes the mode directly without going 
through the BIOS, so this type of inference is necessary.) For example, such as MS windows 
when the start of display is detected from the display timing status, the light pen address is 
latched by the preset light pen (I/O C) and the address (the value near the start address (R12, 
R13) of the 6845) at the start of display is read in. In addition, when the rising edge of the Vsy 
status is detected, the light pen address is latched by the preset light pen again and the address 
at the end of display is readin. The current display mode is inferred from the difference between 
the address at the end of display and the address at the start of display. 

Sidekick assumes OOOOH as the start address for the 6845, latches the light pen address with 
the preset light pen when the falling edge of the Vsy status is detected to read in the current 
address, and infers the current display mode from this address. Thus when the progress of 
addresses differs from that for a CRT, as it does for example for LCDs that are divided into top 
and bottom halves, then the special software compatibility is lost and misoperation occurs. 
The way that this problem is handled is that when LAS is set to ‘1° the preset values are output 
to the light pen address for each mode and the system operates just as ifa CRT were connected. 


Here are the preset values. 
During display 













During the vertical 


Display mode 
play retrace 








40 x 25 A/N 04xxH 
80 x 25 A/N O9xxH 
Graphics 11xxH 





Note: Only R16 (uppermost bit of the light pen address) is preset. 


(2) HDB: Disable Hercules mode 


When Ms Word (Version 4) is started up, it checks the status of Bit 7. If this bit is active, the 
system judges that an HGC is connected and begins writing the data into Page 1. If the PCDC 
used with a full Hercules circuit, there would be no problem, but with a half-hercules board 
(which can only display Page 0) such as the PCDC evaluation board and with MDA circuits, there 
is misoperation. (When WORD/C is entered, there is no problem, but when just WORD is keys 
in, there are problems. Version 3 asked which board was being used, so this problem did not 
occur with Version 3.) This problem is handled by setting HDB to ‘1° so that Status Bit 7, Control/ID 
Bit 1 and Bit 0, and Mode Bit 7 do not function, providing compatibility with MDA. 


(3) GOE: Output 1° to GPE 


GPE is the OR of the outputs from Bits 0 and 1 of the Control/ID register and is used in space 
management for the VRAM. (See A15 in 3-6-12.) However, since Bits 0 and 1 of the Control/ID 
register are only valid in Hercules mode, in CGA mode they could not be used. (Therefore, even 
though the PCDC evaluation board had 32K bytes of VRAM, only 16K bytes could be used in 
CGA mode.) A bit, GOE, has been established that can set GPE to 1 to make it easier to manage 
space in the VRAM. 
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3-6-4. Address 37H 
(Cleared by RESET) 


TDS 1,0: Double Scan contro! (for Text Mode) 


200 Line — 300 
200 Line — 350 
200 Line — 400 





Software for CGA (requiring a 640 by 200 PEL display area) is based on a font with eight vertical 
PELs. In case this software will be run either with a monochrome or EGA monitor having 350 vertical 
display lines or with a display having a 640 by 400 PEL display area, two methods can be considered. 
One method involves preparing a separate font and setting the Maximum Raster Address to a value 
suitable for the monitor. The other method involves performing Double Scan control of the rasters 
and using the font for CGA. (A monochrome or EGA monitor employs a 1.75x Double Scan, whereas 
a display with a 640 by 400 PEL display area employs a 2x Double Scan.) 

As shown below, Double Scan control repeats scanning of a Raster Address according to a given 
convention and is a method for increasing the total quantity of rasters. In case of 2x Double Scan, 
the same Raster Address is output two rasters at a time. 


(er 0 0 0 
} es oe 0 0 0 
SSS 1 1 1 
3 SS 2 2 1 
40 2 2 2 
5 SSS 3 3 2 
CoS 4 —-—--— 3 3 
i eo 4 4 3 
5 4 4 
6 5 4 
6 6 5 
7 6 5 
7 6 
7 6 
7 
7 

none 1.5 x 1.75 X 2*x 


(The numerals on the left indicate the Raster Address and the bar indicates the raster.) 
In case the total raster quantity is a multiple of four, the raster quantity will be increased 
according to the multiplying factor of the settings listed in the above figure. In other cases, 
however, the multiplying factor may differ from the setting. Because Double Scanning 
will be performed in two- line cycles even when the maximum raster quantity is two (re- 
garding the maximum raster quantity as the equivalent of four), the raster quantity will 
be increased by the multiplying factor which conforms to the setting. Note that Double 
Scan control will affect neither the pulse width of Vertical Sync signals nor the Total Raster 
Adjust value. 
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(1) Cur. Offset: Sets the Offset value for the cursor 


In case CGA software will be used with a monochrome monitor, display is possible by Double Scan 
control. In cases of using a separate font without relying on Double Scan control or of using MDA 
software with either an IBM color monitor or a Panel having a 640 by 200 PEL display area (Double 
Scan control is dedicated to expanded display and cannot be used for condensed display), the 
maximum raster quantity written by the software varies from the value suitable for the monitor. 
(Because the MDA software uses a 350-line display and the IBM color monitor uses a 200-line display, 
they each require a different number of rasters per character in order to display the same 25 
characters.) Consequently, the cursor position must also be changed accordingly. For example, 
as shown below, the MDA software attempts to display the cursor at Raster Addresses BH and 
Cu; with the IBM color monitor, however, the cursor must be displayed at Raster Addresses 6H and 
7H. (For the IBM color monitor, the Raster Address per character only goes up to 7H.) In sucha 
case, use Cur. Offset to shift the PCDC-internal Raster Addresses for the cursor by +5, thereby 
respectively converting Raster Addresses OH to 7H into 5H to CH. This method thus allows the cursor 
to be displayed at Raster Addresses 6H and 7H. 










































































0 eS tS 0S ee 0 -2-0 

| i | 6 | eM 1) aarclee0) 
2 xx 2 7 2 SSeS a or een 4 0 
3 es Se SS. 8 oA = eX 3 | 
4 SS 4 9 | eae 4 2 
5 SSS SS A 5 5 3 
6 OO 6 6. SS SS 6 4 
7 —oe-—— 7 © 7 ee 
8 SS t 8 8 6 
9 —— Raster Address 9 —----———_— 9 7 
A —————- f+ 5 after Offset | a re A 8 
OO (Offset value) OO —— SB 9 
Cg —-——_eo—— © OO I C A 
es Ds = 220 
(Offset value) OO E © 
F D 
t 

(Monochrome = (IBM color (Monochrome _ (640 by 400 PEL Raster Address 
monitor) monitor) monitor) monitor) after Offset 


Although CGA software will attempt to display the cursor at Raster Addresses 6H and 7h, it must 
be displayed at Raster Addresses BH and CH in the case of a monochrome monitor. (If the cursor 
position is not offset, it will appear in the center of the character.) In this case, use Cur. Offset to 
shift the Raster Addresses for the cursor by — 5, thereby respectively converting Raster Addresses 
OH to DH into — 5H to 8H. (A negative value resulting from underflow shall be corrected by “OH”. 
In this case, therefore, the values will be converted into OH to 8H.) This method thus allows the cursor 
to be displayed at Raster Addresses BH and CH. 
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9 -———- 0 -5—>0 0 0 -7>0 
Sa | —4-0 | x* [= 6=30 
2 2-3-0 2 ——** —_ 2-5-0 
3 3-2-0 3 —- 3 -4->0 
4 - 4-1-0 4 —— 4 -3->0 
Be - 5 0 5 a 5 —2>0 
Ceo EK 6 | © “OO 6 eo 
C= fo= +x 7. 2 ® ——66 7 0 
ee ae xx 8 l 
= 9 4 x* 9 2 
—5 — A 5 A 3 
(Offset value) BHO B © —7 B 4 
SH GO =f D (Offset value) c 5 
—-—— D8 —80O— D © 
—-—- HOE £ D 
F 8 
t 
(IBM color _, (Monochrome (Raster Address (IBM color _, (640 by 400 PEL (Raster Address 
monitor) monitor) after Offset) monitor) monitor) after Offset) 


Since the Offset value is expressed in two’s complements, the range of its setting is from — 16 to 
+15. In case an underflow occurs due to the offset, it shall be corrected to “0”. If the Offset is 
unnecessary, write all ‘0° (the default status upon RESET). 


(2) F/O: Selects the fixed cursor 


If F/O='0', similar to the description of Cur. Offset, the cursor position corresponding to the value 
set by the software is shifted to a value suitable for the monitor in use. In this case, no problem is 
posed by the usual set values of IBM PC (which are set so that the cursor is displayed at the bottom 
of the characters). If the cursor position is set to display the cursor at the top of the characters, 
however, the cursor will either be displayed at the center of the characters (represented by the “X” 
marked inthe preceding figure), not be displayed atall, or be displayed at all rasters for one character. 
To prevent such display, the cursor position is fixed (the Raster Addresses that have been offset 
for the cursor are displayed at the 2H and 3H positions) and a mode has been provided which does 
not rely on setting the Cursor Start/End Registers by software. (This mode is assumed by setting 
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3-6-5. Address 3FH 


| 45s | re | UL.Position 


0 0 O0O 0 1 1 0 =#«~O _ Default values due to RESET 


200 Line — 300 
200 Line — 350 
200 Line — 400 





This register performs Double Scan control similar to that of TDS1 and TDSO of the preceding 
subsection 3-6-4, “Address 37H.” GDS1 and GDSo are used in Graphics Modes, whereas TDS1 and 
TDSo are used in Text Modes. In case of CGA graphics software employing 640 by 200 PELs will 
be used with a monochrome monitor, 1.5x Double Scan is used. Similarly, 1.75x Double Scan is 
used with an EGA monitor, and 2x Double Scan is used with a Panel having a 640 by 400 PEL display 
area. (The monochrome monitor has 350 display lines in the vertical direction. With the CGA Graphics 
Mode which can only display 640 PELs of the horizontal 720-PEL display area, however, a 300-line 
display is recommended out of consideration for the aspect ratio.) 

Though the maximum raster quantity for CGA graphics software is two, Double Scan is performed 
in two-line cycles (regarding the maximum raster quantity as the equivalent of four), so the raster 
quantity will be increased by the multiplying factor which conforms to the setting. 


0 Or = 0 0 
1 Qo 0 0 
0 5 oe 1 1 
1 0 - 0 1 
0 -—-— 0 0 
ct = ie 0 
1 1 
{ 

none 1.5 X 1.75 X 2x 


(The numeral on the left indicates the Raster Address, and the bar indicates the raster.) 


(1) UL. Position: Controls the Underline position 


When ULE = ‘1’ in Text Mode, underlining equivalent to one raster will be displayed (In Double Scan 
Mode, a two-raster underline may be displayed according to the Raster Address) for characters that 
are specified to have a BLUE Foreground (the lower 3 Bits of Attribute is “001”). For specifying the 
position indicating the Raster Address to be displayed with underlining, however, UL. Position is 
used. Fora monochrome monitor, the default underline position upon RESET becomes CH. Set the 
underline position to 7H for an IBM color monitor, or to EH for a display having a 640 by 400 PEL 
display area. If the set value is greater than the Maximum Raster Address, no underlining will be 
displayed. 
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(2) 45S: Enables the 6845 Expansion Functions 


Writing to the MSB can be performed to the registers which set the vertical direction (Vertical Total 
Register (R4), Vertical Displayed Register (R6), and Vertical Sync Position Register (R7)) as well 
as to the MSB of their corresponding 6845 Preset Data (Vert. Total and Vsy. Offset) only when 
45S='1'. (When 45S =‘0', ‘0° will be compulsorily written.) Because the written contents will be 
valid regardless of the 45S value, however, it is possible to set 45S=‘1° at initialization, write the 
6845 Preset Data, then later set 45S = ‘0 and execute the IBM PC software. 

The pulse width of Vertical Sync signals becomes programmable according to the setting of the 
Sync Pulse Width Register (R3) and the settings of the higher four bits V3-VO of its corresponding 
6845 Preset Data (Sync. Width), but 45S=‘0' will set a constant 16-raster width. Preset Mode con- 
stantly functions as if 45S=‘1° (regardless of the actual 45S setting). 


3-6-6. Address 20H (Duty) 


This register sets the duty of a two-screen Panel (split into top and bottom halves). (The reciprocal 
of the duty value equals the number of lines per screen.) Duty is set in a similar manner for either 
a dual-drive type two-screen LCD which simultaneously transmits data of the top and bottom screens 
or a single-drive type two-screen LCD which alternately transmits one line each from the top and 
bottom screens. (This register need not be set for one-screen Panels, such as an EL, plasma display, 
etc.) 

When the duty is set to “1/D”, “D- 1” will be written to this register. For example, 63H will be written 
for 1/100 duty, and C7H will be written for 1/200 duty. The duty can be set ina 1/2 to 1/256 range. 
(The duty should be set so that the total raster quantity, determined by the vertical total and Maximum 
Raster Address, is larger than the duty.) 


3-6-7. Address 21H (H size) 


This register sets the quantity of PELs per line for the Panel. With a dual-drive type two-screen LCD, 
setting is performed in four-PEL units. For other Panels (one-screen Panels or single-drive type 
two-screen LCDs), setting is performed in eight-PEL units. When the quantity of PELs per line is 
set to “ND”, the following values are written to this register: 


ND 
For a dual-drive type two-screen LCD rie 
(“9FH” is written in case of 640 PELs) 
ND 
For other Panels yer 1 


(“4FH” is written in case of 640 PELs) 
For a dual-drive type two-screen LCD, the quantity of PELs per line can be set in a range of 4 to 1024 
PELs (in four-PEL units); for other Panels, it can be set in a range of 8 to 2048 PELs (in eight-PEL 


units). (Set the value so that the total quantity of PELs, determined by the horizontal total, is larger 
than the quantity of PELs per line for the Panel.) 


NOTE: 


The PCDC requires horizontal/vertical return time for the panel. For details, refer to the setting 
examples in 10-3. 


3-6-8. Address 22H (V Adj) 


This register serves to correct the display positions in the vertical direction for the Panel, and 
specifies (in line units) the quantity of lines from the rising edge of VSY until the beginning of line 
display. This setting changes the FLM position for LCDs orthe VSY position for ELs or plasma displays 
so that the display positions can be corrected without losing any characters at the top or bottom 
edges of the Panel. The correction value can be set in a range of 1 to 256 lines, but normal operation 
can be achieved only if the setting satisfies the conditions of the following equation: 


NV+1+2xDSNxRN 


Where: 
NV = The correction value at Address 22H (the value written to the register) 
D— 1 = The Duty value set at Address 20H (the value written to the register) 
N — 1 = The value written to the Vertical Total Register (and, in Preset Mode, its corresponding 
Vert. Total) 
RN — 1= The value written to the Maximum Raster Address Register (and, in Preset Mode, its 
corresponding Max. Scan) . 


3-6-9. Address 23H (H Adj) 


SCT | SCU | HAdj | 
(SCT and SCU are cleared by RESET) 


This register serves to correct the display positions in the horizontal direction for the Panel, and 
specifies the quantity of PELs from the rising edge of HSY until the beginning of display. (In Text 
Mode, this value is set in units conforming to the number of horizontal PELs. in the High Resolution 
Text font or in eight-PEL units for kanji display; in Graphics Mode, it is set in eight-PEL units.) This — 
setting changes the LC position for LCDs or the HSY position for ELs or plasma displays so that the 
character positions can be correctly adjusted to the right and left edges of the Panel. The correction 
value can be set in a range of 8 to 512 PELs in case of 8-PEL setting units, but normal operation 
can be achieved only if the setting satisfies the conditions of the following equation: 


am ~ “> a2 H+ HA 


Where: 
HA = The correction value at Address 23H (the value written to the register) 
ND = = The quantity of PELs per Panel line at Address 21H 


M — 1= The value written to the Horizontal Total Register (and, in Preset Mode, its corre- 
sponding Horiz. Total) 

H —1 = The value written to the Horizontal Sync Position Register (and, in Preset Mode, its 
shifted by Hsy. Offset) 
(In Low Resolution Text or Graphics Mode, however, doubled M and H values shall 
be substituted into the above equation.) 

a = The integer “12” for dual-drive type two-screen LCDs or “9” for other Panels. 
(In Low Resolution Text or Graphics Mode, decrement the integer by 1.) 
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(1) SCT: Selects the timing for CPU-VRAM access 


The PCDC uses separate timing with respect to VRAM for the display and the CPU, permitting 
the CPU to be accessed by VRAM at any time. Because the timing of the input of Read/Write 
instructions from the CPU and the timing assigned by the PCDC for the CPU are asynchronous, 
however, the PCDC employs the method of forcing the CPU to enter a Wait state by using MEMRDY. 
in recent years, the increased operating speed of CPUs has been accompanied by the problem 
of an long Wait time. 

For this reason, PCDC provides its high-speed CPU with a timing that can minimize the average 
Wait time, and this high-speed timing can be used by setting SCT = ‘1°. (For details, see CHAPTER 
5, “MEMORY.”) 


(2) SCU: Selects the cursor-blink cycle 


Although the IBM PC uses a cursor-blink cycle that is fixed to 16 fields, the blinking may become 
hazy and hard to see in the case of LCDs with a slow display response rate. (The blinking will 
become hazy particularly when the field frequency has been set to a high value (70-80 Hz) to 
prevent flickering.) By setting SCU='1' in such cases, the cursor will blink in 32-field cycles (ON 
: OFF ratio = 1: 3), enabling the blinking to be easily distinguished. (Even when P='0' for the 
Cursor Start Raster Register (R10), the cursor will be blink in 32-field cycles. In other case, the 
functions will conform exactly to the table within subsection 3-1-12, “Cursor Start Raster Re- 
gister.”) 


3-6-10. Address 24H 
Jwow ue] 2 SM ole So | 


0 0 0 0 0 0 14 90 < Default values due to RESET 
For CGA Mode (When the RA4 pin is ‘(0 upon RESET) 
1 14 717 0 0 0 14 = =41 <- Default values due to RESET 
For Hercules Mode (When the RA4 pin is 1 upon RESET) 


(1) MON: Enables the monochrome display 


With MDA, by performing the following conversion for a monochrome monitor that cannot perform 
color display, a monochrome display will be possible regardless of the values set for the Attribute 
data which specifies the text color. 


Background Foreground Functi Text (Foreground) Background 
R G@ BIR GB aneven Color color 
VO: 0. 07) Display OFF Black 
1 1 1 





Other combinations Normal 


This conversion will be valid if MON=‘1' regardless of being in CGA or Hercules Mode. Therefore, 
when executing CGA software not only with a monochrome monitor but also with a Panel, the text 
can be displayed in monochrome, providing an easily visible display. Note that the | (Intensity) 
bit of the Background and Foreground will function independently of this conversion. 
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(2) ULE: Enables the underline display 


With MDA, an underline display is provided as one means for a monochrome monitor, that is capable 
of only monochrome display, to emphasize its text. When RGB= “001” in the Foreground of the 
Attribute data (that is, when the text (Foreground) color has been specified as BLUE), the rasters 
specified by UL. Position (described in Paragraph (1) of subsection 3-6-5, “Address 3FH”) will be 
displayed as underlined. The setting of the UL. Position becomes valid when ULE=‘1". In case of 
setting MON='0' and displaying the underlining, the Foreground color of BLUE which specifies 
underlining will not be displayed as is, but will be converted to Foreground RGB= “111” and dis- 
played as WHITE. (The Intensity bit will operate independently of this conversion.) 





A 230 

0. 0 1 byte 640 x 1 bit, 320 x 2 bit < IBM PC Standard Graphics Mode 
Oo 1 2 byte 640 x 2 320 x 4 

1 #0 4 byte 640 x 4 320 x 8 

1 #1 1 byte 160 x 4 


The PCDC has numerous graphics functions besides the graphics functions standard to the CGA 
or Hercules Mode. (The PEL resolution will remain unchanged but the quantity of colors that can 
be simultaneously displayed will be increased.) GRM1 and GRMo are used to select these graphics 
functions. Inthe two righthand colurnns of the above table, the numerals on the left signify the quantity 
of horizontal PELs displayed, and the numerals on the right signify the quantity of bits used per PEL 
for color specification. For 2 bits, 4 bits, and 8 bits, therefore, the quantity of colors that can be 
simultaneously displayed are, respectively, 4 colors, 16 colors, and 256 colors. Note that in order 
to use these expanded graphics functions, itis necessary to increase the VRAM capacity accordingly. 


GRM2="0°: 2 Bank Mode RAO is used for bank switching (CGA Standard) 
GRM2=°1: 4 Bank Mode RA1 and RAO are used for bank switching (Hercules Standard) 


Since the setting range of 6845 in the vertical direction is a maximum of 127 (seven bits), IBM PC 
performs bank switching according to the Raster Address in order to cope with the 200 lines for 
CGA Mode and the 348 lines for Hercules Mode. In CGA Mode, the odd and even lines are divided 
into two groups, and each is entered into a bank containing different Display Data (the 2 Bank Mode). 














Address 
ist -_ 0 
2nd a 1 
| _ Even Scan (0, 2, 4,.... ) 
t 
Nth : 8192 a 
N+ 1th 8193 Odd Scan (1, 3, 5.,.... ) 
| 
2 Bank Mode 


In Hercules Mode, the data of Lines 0, 4, 8, ... is placed in the first 8K bytes, the data of Lines 1, 5, 
9, ... is placed in the next 8K bytes, the data of Lines 2, 6, 10, ... is placed in the next 8K bytes, and 
the data of Lines 3, 7, 11, ... is placed in the last 8K bytes (4 Bank Mode). 
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ie) 
Zz 








2 4 0 Font Size (horizontal) 

0 0 0 6 Dot 

0 O 1 7 

0 1 =O 8 Either HRES and LRES is possible (Double Dots for LRES) 
Oo 1 #1 9 

1 0 0O 10 

1° #O 1 8 x N Kanji (Chinese character) N is an integer 

1 1 #O 


16x N Kanji ( ” ) < Only in LRES (but no Double Dots are possible) 


The quantity of horizontal PELs in the character font for Text Mode can be selected. Although either 
6-10 PELs or an integer multiple of eight can be used to select either the High Resolution or Low 
Resolution Mode by setting Bit 0 of the Mode Register, if an integer multiple of 16 is used, set Bit 
0 of the Mode Register to ‘0’. 

Setting an integer multiple of 8 or 16 enables a kanji display that combines half- and full-width 
characters. (In this case, a Character Code is required for each 8 or 16 PELs.) In case of a combined 
display of 8-PEL half-width characters and 16-PEL full-width characters, the characters are processed 
in 8-PEL units (by splitting each 16-PEL full-width character into two 8-PEL units: left and right). 
For a 24-PEL kanji display as well, the characters are processed in eight-PEL units (Each 24-PEL 
kanji is split into three 8-PEL units: left, center, and right. A large number of kanji ROMs having this 
configuration are commercially available.), a Character Code is also required for each 8-PEL unit. 
Because a 12-bit Character Code is required to select the Level No. 1 Kanji, and an additional two 
bits are required to support the half- and full-width characters and the Level No. 2 Kanji, two bytes 
will be required for the Character Code alone. Consequently, the basic procedure for kanji is to 
set GRMO='1' and use four-byte units. 





INO 5 os Se 
0 |. Character Code (L) in case of non-kanji display (for horizontal 
~~ 4 | Character Code (H) font sizes of 6-10), GRMO=‘0° must always 
ae Not used be set. = 
a. ae Attribute (can provided all attribute functions) 


When processing characters in 8-PEL units, as in the case of supporting half- and full-width characters 
or 24-PEL kanji, the addresses will also be processed in 8-PEL units, so the cursor will basically 
assume an 8-PEL width. When Bit 5 of Character Code (H) is set to ‘1°, however, the left side of the 
cursor will be copied for display, enabling the cursor to be properly displayed in character units. 
(This Bit 5 can also function to support half- and full-width characters. That is, Bit 5=‘0° signifies 
the half-width characters and the left side of full-width characters, while Bit 5=°1° signifies the right 
side of full-width characters.) 


Half-Width Full-Width Full-Width 










| 
OOOO OOO VOOR 
When.no cursor is When a cursor is 
Character displayed displayed 
Code(H)Bit5 0 0 | 0 i 


REX Represents the cursor displayed according to the Cursor Address Register. 
RQ =Indicates the status wherein the left side of the cursor has been copied and displayed, 
according to Bit 5 of Character Code (H). 


Since the top two bits of Character Code (H) are not used, GRMOcan be set to ‘0 for display in two-byte 
units. In such case, however, the Attribute functions will be extremely simplified. (Note that MON 
should be set to ‘1° at this time.) 


Functions of the upper bits of Character Code (H) 


a Character Code (L) D7: Cursor blinking 
Character Code (H) De: Reverse/Normal selection 


+ simple Attributes Ds: Cursor continuation 


When D6é="1', the effect is identical to Reverse described in subsection 3-6-10, “Address 24H,” 
providing a black text (foreground) and a white background. Dé='0' provides a white text (foreground) 
and a black background. D5 is identical to the case of four-byte units when GRMO='1. 

When Bit 5 of the Mode Register is ‘1°, the text set to D7= ‘1° will blink in 32-field cycles. Bit 5 of the 
Mode Register is ‘(0°", D7 becomes the Intensity bit of the Background attribute. (The Intensity bit 
of the Foreground is fixed to ‘0’.) 

When GRM1='1,, the Intensity bit of the Foreground can be externally controlled in PEL units (but 
only when the quantity of horizontal PELs in the character font is 6-8 or an integer multiple of 8). 
One pair of Font ROM shail be prepared for text use and intensity use, the text data shall be connected 
to RDo-RD7, and the intensity data shall also be connected to RD8-RD15. (See CHAPTER 6, “MONITOR 
INTERFACES,” regarding the connection between the ROM’s peripheral circuitry and PCDC.) In- 
tensity can thus be controlled for each PEL of the text, so the characters can be clearly displayed 
even with a small quantity of PELs. (Particularly in the case of kanji, a 16 by 16 PEL configuration 
can be displayed to equal a 24 by 24 PEL configuration.) 
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Sample kanji display using intensity data 
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NOTE: _ ae ee te ee ee 
In cases where the quantity of horizontal PELs in the character font is 6 or 7, where GRM1 and 
GRMo are set to “10” (4 Byte Mode), or where kanji is being processed in four-byte units 
(GRMo='1'), attention is required because the upper limit of the master clock frequency will 
become 16.35 Mhz. (These functions can be actualized only when the VRAM data bus has a 
16-bit configuration.) In the case of other functions, the master clock’s upper limit will be 22.5 
Mhz. When the VRAM data bus has an eight-bit configuration, the master clock’s upper limit 
will be 16.35 Mhz. 










3-6-11. Address 25H 


| CLK | 
[sven HERC SRAM 8BUS 16CP BINH] 4 0 


0 0 0 0 0O « Defaults due to RESET (CGA Mode) (When RAa pin='0° upon RESET) 


| 0 1 0 O +- Defaults due to RESET (Hercules Mode) (When RAa pin='1° upon RESET) 
| Determined by status of LSW pin upon RESET 


Determined by status of LDT pin upon RESET 
—_—-—__—____——- Determined by status of RA4 pin upon RESET 








ot 5.6KQ 

ei eee eee XI LE 56PF 
0 860 Input from X1 pin is used as clock (Default upon RESET) a 
QO 61 Input from X2 pin is used as clock 5 -¥ 56PF 
1 x X’tal oscillates when externally mounted (X1: input pin; X2: 


output pin) 


When CLK1='0', PCDC operates according to clock input from an external source. Clock input can 
selected from either the X1 pin or X2 pin, which is very convenient in cases such as switching between 
two monitor types (two frequency types) for operation. For example, input 14.318 Mhz for the IBM 
color monitor into the X1 pin, input 16.257 MHz for a monochrome monitor into the X2 pin, then use 
them by switching according to CLKo. When CLK1='1’, the external mounting of X’tal forms a 
self-excited oscillator circuit so that clock input from an external sources becomes unnecessary. 


(1) BINH: Inhibits border display 


With CGA software, the border is displayed in color during Text or Low Resolution Graphics Mode. 
With a monochrome monitor or EGA monitor, however, a looped scan line will appear in the border 
for an undesirable display. When BINH is set to ‘1° in such a case, black will always be displayed 
as the border, eliminating the appearance of the looped scan line for an easy-to-see screen. 


(2) 16CP: Selects the 16-bit CPU 
16CP='1° enables a 16-bit bus CPU to be connected (and 16CP='0° enables an 8-bit bus CPU to 


be connected). When the Ao pin is ‘0’, the CPU can perform reading and writing using the lower-order 
RD7-RDo (the even address bytes) of the VRAM data bus via PCDC. The higher-order RD15-RDs (the 
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odd address bytes) of the VRAM data bus is connected with the CPU via an external circuit. (See 
CHAPTER 7, “SYSTEM CONFIGURATIONS.”) 


(3) 8Bus: Selects the VRAM data bus configuration 


An 8- or 16-bit configuration can be selected for the VRAM’s data bus. (8Bus=‘1' selects the 8-bit 
configuration.) Initialization can be performed according to the status of the LSW pin upon RESET 
without relying on software. (That is, when the LSW pin is ‘1° upon RESET, the 8-bit configuration 
is selected; when it is ‘0°, the 16-bit configuration is selected.) 

In case of the 16-bit configuration, the data of the even addresses (Ao pin=‘0’) is stored ina VRAM 
which has been connected to RD7-RDo. (In Text Mode, the data of the Character Codes are stored.) 
The data of the odd addresses (AO pin=‘1°) is stored in a VRAM which has been connected to 
RD15-RDs. 

In case of the 8-bit configuration, all data is stored in a VRAM which has been connected to 
RD7-RDo. 

The following table describes the valid status of the higher- or lower-order bits of the VRAM data 
bus according to the bus configuration of VRAM and CPU. The data bus which is not valid during 
writing will assume high-impedance status. 


‘O° 
VRAM Bus Configuration 
Read write 














8-bit bus configuration RD7~0 RD7~o 
8-bit bus CPU |= |-——-—— 

16-bit bus configuration RD15~8 RDi5~8 
16-bit bus CPU | 16-bit bus configuration RD7~0 High mmpedance 


(4) SRAM: Selects the VRAM type 


When SRAM = ‘1’, an SRAM can be used for the VRAM (and when SRAM='0', aDRAM can be used). 
Initialization can be performed according to the status of the LDT pin upon RESET without relying 
on software. (That is, when the LDT pin is ‘1’ upon RESET, SRAM is selected; when it is ‘0'", DRAM 
is selected.) 


(5) HERC: Controls switching between CGA software and Hercules software (including MDA soft- 
ware) 


HERC='1° enables handling of Hercules software. Initialization can also be performed according 
to the status of the RA4 pin upon RESET without relying on software. (That is, when the RA4 pin 
is ‘1’ upon RESET, Hercules software can be processed; when it is 0°", CGA software can be pro- 
cessed.) 

With PCDC, the main differences between the handling of CGA and Hercules software is as follows: 


(a) A different I/O register is used to set the Light Pen flip-flop 
(b) Different functions for Bits 0, 3, and 7 of the Status Register 
(c) For Hercules software, the Color Register is disabled (Bits 3-0 are fixed to 7H) 


(d) For Hercules software, Bits 0, 2, 4 of the Mode Register are fixed to ‘1 
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(e) Bit 7 of the Mode Register and Bits 0 and 1 of the Control/ID Register are valid only for 
Hercules software (these bits are fixed to ‘0° in CGA software) 


(f) Due to a different VRAM capacity being required for display, addresses corresponding to 
that capacity are output (Unused address bits will output ‘0°) 


Text Mode 


4K bytes 
16K bytes 






Graphics Mode 
32K bytes 
16K bytes 


HERC = ‘1° (Hercules Mode) 
HERC='0 (CGA Mode) 

















(6) SYTH: Selects the pulse width of Horizontal/Vertical Sync signals and the polarity of Vertical 
Sync signals 


It is possible to select whether to output the width of the Sync signals in exact accordance with the 
set value written to the Sync Pulse Width Register (R3 or, in Preset Mode, its corresponding Sync. 
Width) or to output a narrowed width. (SYTH= ‘1° selects an output conforming to the set value). 
The polarity of the VSY pin can also be selected at the same time (SYTH = ‘1’ selects a negative output). 
Consequently, use SYTH= ‘1° with an EGA or monochrome monitor, and use SYTH= 0 with an IBM 
color monitor. (With a Panel, the SYTH polarity may be set to negative or positive.) 

CGA software in Low Resolution Text Mode enables setting of Horizontal Sync signals to a 
10-character width and of Vertical Sync signals to a 16-line width. When SYTH= 0", however, these 
signals will be respectively narrowed to a 4-character width and a 3-line width for output (because 
the width and timing are converted to match the standard of Composite signals for NTSC). When 
the respectively set widths of Horizontal Sync signals and Vertical Sync signals are narrower than 
these 4-character and 3-line widths, the widths will not be further narrowed despite an SYTH = ‘0° 
setting, and will be output as is. Note that the Sync signals for blanks or status purposes will employ 
their set widths even when SYTH= ‘0’. 


3-6-12. Address 26H 
(Cleared by RESET) 


(1) RA4: Selects the I/O status of the RA4 pin 


Set RA4='1° when you wish to output the Raster Address RA4 or the AC Conversion signal M from 
the RA4 pin. The default status during and after RESET will be RA4= 0’ so that the RA4 pin will become 
an input pin. Consequently, the CGA or Hercules Mode can be selected according to the input level 
to the RA4 pin at RESET. (When the input level is ‘1°, the Hercules Mode is selected.) 


(2) A15: Selects the function of the AD15 pin 


When Ai5='1', the AD15 pin becomes an Address pin for VRAM (valid only in SRAM Mode). When 
Ai5='0", the AD15 pin outputs the ORed result (GPE) of the output of Bits 0 and 1 of the Control/ID 
Register. GPE is usec in Hercules Mode and is employed to specify (by an external circuit) the 4K 
bytes to be used in Text Mode from among the 32K bytes of the VRAM area. Normally, the addresses 
Ai2-A14 above the 4K bytes are ANDed by GPE (see CHAPTER 7, “SYSTEM CONFIGURATIONS”) 
for use. 
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(3) EXP: Selects the Address Expansion Mode 


When EXP = ‘1’, the Address Expansion Mode is assumed. When EXP= ‘0’, the IBM PC Compatible 
Mode is assumed. There is a 14-bit address output to 6845. With IBM PC, however, only 11 bits 
and 13 bits are respectively used for MDA and CGA, but the higher-order addresses are not used. 
When EXP is set to ‘1, these unused high-order addresses are output to the higher-order empty 
addresses. (When EXP='0,, ‘0’ are output.) 


ADIS: 4. V3 12 ft 0 9 BT BB a. = ee 
tipa Made 0 | Page [MI3 MI2 MI | Equivalent to M10-MO of 6845 | 
(Text) 


Valid only when EXP='1° 


Hardulad-ahede | M13 wi2Pose] RA, RA; | Equivalent to M11-MO of 6845 | 


(Graphic) 





CGA Mode 0 0 [mi3 | Equivalent to M12-MO0 of 6845 | 


(Text) 
CGA Mode 0 [mis Miz] Rad | Equivalent to M11-MO0 of 6845 | 
(Graphic) ——s 


M11-M13, which are enclosed in boxes within the above figure, are valid only when EXP=‘1'. 
Page is the output for Bit 7 of the Mode Register. (Page is valid only in Hercules Mode. Unless 
‘1° has been written to Bit 1 of the Control/ID Register, writing to Page is impossible. In CGA 
Mode, Page is always '0’.) 

RAo and RAi are the lowest two bits of the Raster Address. The above figure depicts address 
output in case both an SRAM is used for the VRAM and the VRAM’s data bus has a 16-bit co- 
nfiguration. 


The preceding figure used the IBM PC (1 Byte Mode) as reference, but the 2 Byte and 4 Byte Modes 
- which are expanded Graphics Modes - are formed by respectively shifting the contents of the 
preceding figure to the left by one and two bits. (Any bits exceeding the left edge are ignored. The 
address used for byte selection is input to the lower-order bits.) 





No Page Mode 

1 BitPage Mode (AD15 = PAG2) 

2 Bit Page Mode (AD15 = PAG2, AD14 = PAG1) 

3 BitPage Mode (AD15 = PAG2, AD14 = PAG1, AD13=PAGO) 


1 0 
0 60 
Oo 1 
1 0 
1 4 


(4) PAG2-PAGo: Specifies the page 


Regardless of EXP, 2 Byte or 4 Byte Mode, etc., if there is any vacant area (the status from which 
‘0’ is usually output) in the higher-order bits of the address that is to be ultimately output, the Page 
Mode can be used. According to the status of the unused bits, selection can be made from the 1 
Bit Page Mode (in case of only an empty MSB) up to the 3 Bit Page Mode (in case of three highest-order 
empty bits), according to the need. Since a fixed value determined by PAG2-PAGo will be output 
in Page Mode, a specific page can be displayed out of a large VRAM area. 
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3-6-13. Address 27H 
(Cleared by RESET) 





ae. 0 
0 O 1 Bit Serial 
QO 1 2 Bit Even/Odd 
1 #O 4 Bit Parallel 
1 1 8 Bit Parallel 


Selects the quantity of bits for data transmission to the Panel. (Be sure to set the display to Gray 
Scaling/Hatching in case of using the Panel.) This bit quantity corresponds to one sequence, and 
also applies to the double-sequence required when performing simultaneous two-screen output to 
a dual-drive type two-screen LCD, when using Intensity output according to IEN (Intensity Enable), 
or other such cases. (Since the ultimate output consists of eight bits, however, an 8-bit parallel format 
carinot be used in case of a double-sequence transmission.) In case of using Gray Scaling/Hatching 
with an IBM Monochrome monitor, select “1 Bit Serial” (which also permits Intensity output by IEN 
to be used). 


(1) IEN: Enables Intensity output to the Panel 


In Gray Scaling/Hatching Mode, colors can be converted by gray scaling/hatching patterns for 
display. In consideration of a display which has Intensity input, such as the IBM monochrome monitor 
or a Panel capable of displaying four half-tone, however, it is also possible to output an addition 
Intensity sequence besides the usual output (when IEN=‘1). Intensity is determined by R2 of the 
Color Palette, and the data the Intensity ON/OFF status according to color is written into the Color 
Palette. Note that IEN cannot be used with a dual-drive type two-screen Panel (Dual Drive type) 
(because double sequences are already being used by its two-screen drive). 


(2) EXTS: Specifies the External Sync Mode 


When EXTS= ‘17, the External Sync Mode is assumed, but external synchronization is valid only in 
Non-Interlace Mode. Synchronization is achieved between two chips according to the ESY pin. 


Set EXTS=‘1, then set the master side to 
ESIO=‘1' (the ESY pin becomes an output pin) 
and set the slave side to ESIO= 0" (the ESY pin 
becomes an input pin). Since this procedure 
will synchronize two chips, one chip can be as- 
signed to Text display and the other to Graphics 
display for a combined superimposed display 
(superimposing is performed by an external 
circuit). 


(3) INH: Inhibits the OFF status of Enable Video in High Resolution Text Mode 





Master 


Oscillator 


In the High Resolution Text Mode of IBM PC, rewriting of the screen data is achieved by setting Bit 
3 (Enable Video) of the Mode Register to ‘0° (Display OFF) with respect to the scrolling required for 
rewriting the screen data. Because no time is allotted for the CPU during the display time of the 
IBM PC, the display must be switched OFF to avoid screen disturbance; however, the phenomenon 
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of a flashing screen will occur which leads to poor visibility. Since the PCDC allots time for the CPU 
during its display time, enabling reading and writing to be performed at any time with respect to 
VRAM without screen disturbance, there is no need to take the trouble to switch OFF the display 
to write the screen data. When IINH is set to ‘1°, the Display OFF status for rewriting screen data 
will be ignored in only the High Resolution Text Mode (for a constant Display ON status) and the 
screen will not flash, thus providing an easily visible screen (by following the Display OFF status 
upon mode switching). 


(4) ACM: Selects the Consecutive Addressing Mode during Graphics Mode 


As previously touched upon in subsection 3-6-10, “Address 24H,” the IBM PC performs bank switching 
in order to implement a 200-line or 348-line Graphics display with respect to the maximum verti- 
cal-direction setting of “127” for 6845. For example, since CGA stores the respective data for even 
and odd lines in separate banks, bank switching must be considered for each line in case of writing 
the vertical, and diagonal vector data as screen data to VRAM. When ACN is set to ‘17, the screen 
data can be stored in consecutive addresses without requiring bank switching, thereby simplifying 
the considerations required when, for example, creating new software. 














Address Address 
0 
j Data of Line 0 
Even Scan (0, 2, 4..... ) 
age 
8192 il 
Data of Line 1 
8193 Odd Scan (1, 3, 5,.... ) 
S, Bank Mode 
When ACM='0° Data is stored in a different bank When ACM='1° Data is sequentially stored from 
according to the even/odd sats | the top line to the bottom line 
of the Line No. 


(5) CPLE: Enables the Color Palette 


Set CPLE='1° when the Color Palette will be used. When the Color Palette will be used either as 
a Color Lookup Table with respect to a linear RGB, EGA or CGA monitor, or as a Conversion Table 
in Gray Scaling/Hatching Mode for converting a color display into half-tone and hatching patterns, 
set CPLE=‘1.. When CPLE is set to ‘0’ for a CGA monitor, the Color Palette will be disabled and 
the PEL color data IRGB will be directly output as is. In case of the 320 x 8 bit (simultaneous display 
of 256 colors) Graphics Mode, the Color Palette cannot be used so set CPLE to ‘1’. 


(6) PRE: Enables the Preset Mode 
When the 6845 Preset Data described in subsection 3-6-3, “6845 Preset Data,” will be used, set 
PRE =‘1' to enable the Preset Mode. In Preset Mode, the 6845 Preset Data will enable the software 


and monitor to operate properly, even if they do not conform to IBM PC standards. When 
PRE =‘0’, the 6845 Registers will be used. 
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3-6-14, Address 28H 
(Cleared by RESET) 








1 0 
0 0 No Gray Scaling/Hatching 
Oo 1 One-screen Panel (EL, plasma display, etc.) 
1 01] Dual-drive type two-screen LCD Gray Scaling/Hatching Mode 
1 1 Single-drive type two-screen LCD 
Data of upper 
screen 
E 
-E 
Data of lower 
screen 
Dua!-Drive Type Two-Screen LCD Single-Drive Type Two-Screen LCD 


(Simultaneous transmission of data for upper/lower screens) (Alternate transmission of data for one line each of the top 
and bottomscreens) 


With a Panel, a color display will be converted into gray scaling or hatching patterns for display in 
Gray Scaling/Hatching Mode. (The color correspondence for conversion is performed by the Color 
Palette.) In case of performing a gray scaling/hatching display with an IBM Monochrome monitor, 
perform setting for a one-screen panel. With a linear RGB, CGA, EGA or monochrome monitor, set 
2SCR to “00” so that the Gray Scaling/Hatching Mode will not be assumed. 


(1) R/M: Selects the function for RA4-pin output 


The R/M determines whether the RA4 pin will output Raster Address RA4 or the AC Conversion signal 
M foran LCD. (R/M=‘1 selects output of the AC Conversion signal M.) Take special note that unless 
RA4 (described in Paragraph (1) of subsection 3-6-12, “Address 26H”) has been set to ‘1’ at this time, 
the RA4 pin will not function as an output terminal. 


(2) H/E: Selects the function of the HSY pin 


The H/E determines whether the HSY pin will output the Horizontal Sync signal HSY for a CRT or 
the Enable Clock signal ECK for an LCD driver. (H/E=‘1° selects output of the Enable Clock signal 
ECK.) Although numerous drivers can be used with the LCD Panel, there has been an increasing 
number of cases wherein a driver provided with a Chip Select function is used for reduced power 
dissipation. (Reduced power dissipation is achieved by enabling the driver is enabled only during 
data transmission, then sending the Enable signal to the next driver upon receiving the data, so that 
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only one of multiple drivers is enabled at any time.) ECK is used in the transmission of this Enable 
signal and its cycle is set by EH4-EHo. 


(3) SSCK: Selects the output time of Shift Clock SCK 


The SSCK determines whether the Shift Clock SCK for data transmission is constantly output or 
output only during the horizontal display time. (SSCK= ‘1° selects constant output.) In general, 
constant output (SSCK=‘1') is used for ELs, and output only during horizontal display time 
(SSCK ='0’) is used for other Panels. (Select the appropriate output time according to the Panel 
specifications. ) 


(4) SSY: Selects the polarity of the Sync signals for Panel use 


The SSY selects the polarity of HSY and VSY for Panel use. SSY = ‘1’ selects output of positive polarity 
so that the Data Latch signal LC for LCDs as well as the Scan Start signal FLM are output. 
SSY='0' selects output of negative polarity, so that the Horizontal Sync signal HSY and Vertical 
Sync signal VSY (for ELs or plasma displays) are output. (The Horizontal Sync signal HSY is identical 
to the valid time for horizontal display data. The Latch Clock signal LC for LCDs is output at a fixed 
width upon the start of display data. The Vertical Sync signal VSY and the FLM signal for LCDs are 
output at a width corresponding to the interval of one horizontal scan. 


(5) VST: Selects the VSY output timing for Panel use 


The VST determines whether the VSY output for Panel use will be synchronized with the falling edge 
of HSY or approximately 1 microseconds after the rising edge of HSY (or the falling edge of LC for 
LCDs). (VST =‘0' selects synchronization with the falling edge of HSY.) In general, synchronization 
with the falling edge of HSY (VST =°0') is used for ELs, and VST='1 is used for LCDs and plasma 
displays. (Select the appropriate method of synchronization according to the Panel specifications.) 


(6) SWC: Controls the HSY output width for the Panel 


Set SWC to ‘1° for a high-level HSY width for Panel use that is narrower than the valid time for 
horizontal display data. Because the Horizontal Sync signals for CRTs will narrow the high-level 
HSY width for Panel use, set the horizontal sync position and sync pulse width to conform to applicable 
specifications. Note that when SSCK= ‘0° so that the Shift Clock SCK is output only during the 
horizontal display time, the width prior to narrowing will be used, so the quantity of pulses conforming 
to the Hsize setting will be output. 

When a linear RGB monitor will be used, set CPLE to ‘1° and also set SWC to ‘1° (thereby causing 
all nine bits of the Color Palette to be output from PCDC). If only CPLE is set to ‘1’, the two bits R2 
and R11 will not be output. For the 320 x 8 bit (simultaneous display of 256 colors) Graphics Mode 
as well, set CPLE = "1: andSWC='1'.) The timing of the signals described in the preceding paragraphs 
is shown in the following figure. 
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HSY for CRT —— _ 
HSY 
(When SSY="0") — 


Hsize 


HAdj Pa te ee eee ig 
(Valid time for horizontal 


display data) : 


Lc | 
(When SSY= “1") 
HSY er: = 
(When SWC= “1”) 
SCK 
(When SSCK = “0”) | ] l 


ECK | _ 





(When H/E=“1", 
EH4~o= “3”") _ 
HSY 
(When SSY = “0”) 
VSY = 
(When SSY = “0”, 
VST=“0") 
—> 1 ps or more 
FLM a 
{When SSY= “1”, 
VST=“1") 


——V Adj 


VSY for CRT ee | es 





3-6-15. Address 29H 
(Cleared by RESET) 


(1) EH4-EHo: Sets the ECK synchronization 


The EH4-EHo sets the cycle of the Enable Clock signal ECK for LCD drivers. The first ECK signal 
is output during the first half of the LC signal, then one pulse is later output each time the Shift Clock 
SCK is counted as being a plus-one increment of the value set at EH4-EHo (see the preceding figure). 
For example, for outputting ECK every 20 SCK signals, set EH4-EHO to “10011”. Note that the cycle 
setting of the Enable Clock signal ECK is valid only when H/E="1°. When H/E=‘0,, set all ‘0° to 
EH4-EHo. 

When a CRT is used, the Internal Clock signals preceding the rising edge of HSY can be stopped 
for an period equivalent to the set Clock No. of EH4-EHo in order to change the phase of the Color 
Burst Clock signal for Composite use according to each line. (Special attention is required in this 
case, because the horizontal scan cycle will be lengthened for a period equivalent to the stopping 
of the Internal Clock signals.) 


EHi EHo 









0 No Improvement 


0 2 Clock 
1 3 Clock 


0 

0 1 1 Clock During the Master Clock signals of 
1 (nes numbers, the Internal Clock 
: 


NL” 


signals will stop just before HSY 


When the Master Clock is 14.318 MHz, Clock 1 will result in a 90-degree phase deviation, Clock 2 
will result in a 180-degree phase deviation per line, and Clock 3 will result in a 270-degree phase 
deviation per line. Although the the displayed pattern, the color deviation phenomenon characteristic 
of Composite signals will disappear depending on the phase deviation between lines. On the other 
hand, according to the displayed pattern, the boundaries of the pattern may flow in the vertical di- 
rections or a conspicuous color deviation may occur in some cases. (The flicker similar to the In- 
terlace Mode may occur). 

(2) ESIO: Selects the I/O status of the ESY pin 


When ESIO='1', the ESY pin becomes an output pin. Via the combined setting of ESIO and EXTS, 
the ESY pin will function as follows: 


EXTS ESIO 


0 0 9Font input 
0 PEN output 
1 
1 





External sync (Slave side) 


- oO — 


External sync (Master side) 


(a) 9Font Input: Although MDA or HGC for IBM PC uses a 9 by 14 PEL font, certain Character Codes 
create the 9th PEL by copying the 8th PEL. (The other Character Codes set the 9th 
PEL to data ‘0’.) While Font Size 9 is selected, setting the ESY pin to ‘0° causes the 
9th PEL to become a copy of the 8th PEL, and setting it to ‘1° causes the 9th PEL to 
become ‘0°. Therefore, by merely decoding the Character Code you wish to copy 
and inputting the result to the ESY pin, an MDA-equivalent display can be easily 
achieved. 
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(b) PEN Output: This function outputs Bit 1 of the Control/ID Register. It is the Page Enable signal 
for FULL Hercules Mode, and is employed when the use of all 64K bytes of VRAM 
is desirable. With Hercules Graphics software, 32K bytes of VRAM will be required 
per screen. (The IBM PC memory map uses Addresses B0000-B7FFF, whereas that 
for CGA uses Addresses B8000-BFFFF.) When using Page Mode for full use of a 
64K byte VRAM, however, itis necessary to convert the decode values of the memory 
map in order to also cover the CGA area. PEN Output is the switching signal used 
for this conversion. (The decode values are switched by an external circuit.) 


(3) RREG: Enables reading of I/O Registers 8, 9, and F 


In case of executing multiple software programs in parallel, if the current status can be memorized 
(particularly the contents of the Mode Register) when interrupting one program and shifting to another 
task, the restarting of the previous software program will be smoothly carried out. Because setting 
RREG=="1°' enables reading of I/O Register 8, 9, and F, the internal status under a multi-tasking OS 
becomes easy to grasp. When I/O Register F is read while RREG='0,, the ID Code C1H of the chip 
will be output; but when it is read while RREG = ‘1°, the contents of the Control Register will be output. 
Even if reading of I/O Registers 8 and 9 is attempted while RREG= ‘0’, the CPU Data Bus CDo-CD7 
will assume high-impedance status and no data will be output (and the BDIR pin will output ‘0°). 


(4) STBY: Enables the Standby Mode 


STBY = ‘1° enables the Standby Mode provided for power conservation. In Standby Mode, the Internal 
Clock stops and the majority of the circuits cease operation so that power dissipation is reduced. 
Since the majority of the circuits will not be operating (the contents of the Internal Registers will 
be stored), when a DRAM requiring refreshing is.used as VRAM, the contents of that DRAM will 
be destroyed. Some output pins will assume high-impedance status (RD bus, AD bus, and MEMRDY), 
while the others will continuously output a fixed value. (Such negative-logic pins as EC and XA 
will continuously output a high signal, the other pins will continuously output a low signal, and certain 
pins will continuously output a signal of random (but constant) level.) To cancel Standby Mode, first 
set Bit 3 (Enable Video) of the Mode Register to ‘0’ to assume the Display OFF status, next set STBY 
to ‘0’, then set the Display ON status (Enable Video =‘1°) after the operation of the internal circuits 
has stabilized (Assume Display OFF status during the interval of two vertical scans. In case DRAM 
is used, also write Display Data.) (Read/write operations with the I/O registers is also possible during 
Standby Mode.) 


3-6-16. Address 2AH 
(Cleared by RESET) 
(1) TST2-TSTo: For PCDC testing 
TST2-TSTo must always be set to ‘0’ for use. (When ‘1 are set, normal operation cannot be achieved.) 
(2) SS4-SSo: Offset value for smooth scrolling 


The display will be shifted upward for the quantity of lines set by this Offset value. (Any lines ov- 
erflowing the top edge will not be displayed.) When the offset amount is sequentially increased from 


0 to the quantity of rasters forming the Font, therefore, smooth scrolling can be actualized. (After 
the Offset amount reaches the Maximum Raster Address, line scrolling will be performed according 
to the Start Address of 6845, and the offset amount will concurrently be set to “0”.) The Offset value 
can be setin the same range as the Maximum Raster Address, and any settings exceeding that range 
will result in abnormal operation. The SS4-0 setting should be done in the vertical return time. 


_1 Characters of the topmost line 
_! will not be displayed 


Us Z Y Z 
Li WZ A WZ ZZ 
ZA Z D2 
Dh ZL YO 
G ZB f a Si 1 The top section of the character one 
ie fae a | line below will be displayed 
SS4~9 =0 SSa~0= | SSarp = 2 


3-6-17. Address 2BH (Control Data) 
(Cleared by RESET) 


The contents of this register will be output from the RDo-RD7 pins about the time of the rising edge 
of the VSY pin (VSY will rise even when set to negative polarity by SYTH='1'). Therefore, if this 
register is latched at the rising edge of the VSY pin, it can be used as a signal for external control 
(for monitor switching, Font ROM switching, etc.). This function is enabled during Non-Interlace 
Mode (In Interlace Mode, the register contents will not be output from the RDo-RD7 pins around the 
rising edge of the VSY pin.) when the rising edge of the VSY pin does not occur during the vertical 
display time. (When the rising edge of the VSY pin occurs during the vertical display time, a partial 
disorder of the display may occur due to the collision of Display Data and Control Data.) 


3-7. CONTROL/ID REGISTER (I/O Register F) 


3-7-1. Control 
(Cleared by RESET) (Reading possible when RREG=‘1') 


Bit 0 Graphic Set Enable 
1 Page Set Enable (Becomes ‘0° in CGA Mode for HGC) 
7 Protect 


Writing is possible to Bit 1 of the Mode Register only while Graphic Set Enable is set to ‘1°. Similarly, 
writing is possible to Bit 7 of the Mode Register only while Page Set Enable is set to 1°. Writing is 
possible to I/O Registers D and E (the Register Bank) only when both Protect is ‘1° and the IOSEL 
pin is ‘0'", thereby providing protection for the Register Bank which holds the expansion functions 
from IBM PC. 





3-7-2. ID 


When this register is read while RREG= ‘0’, the ID Code C1H of the chip will be output. 
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4. OPERATING MODES 


The Operating Modes consist basically of two types: Text Modes and Graphics Modes. The Operating 
Mode is specified at the Mode Register (I/O Register A). (For specifying the expanded Graphics 
functions or the horizontal font size for text, it will be necessary to write to Bank Register Address 
24H in some cases.) 


























Mode Reg. < 
Bit REE ened 
I SON CO <A EO | Re Eo eee 2 RR 
x 0 0 Low Resolution Text 40 x 25 A/N 
x 0 ° High Resolution Text 80 x 25 A/N 
x 0 1 > Low Resolution Graphic 320 x 200 GR <- The quantity of colors that 
1 1 x High Resolution Graphic 640 x 200 GR can be displayed will vary 
, dont ware according to GRM1 and GRMo. 
Enable Video 





— Blink 
4-1, TEXT MODES 


Except in Kanji Display Mode, one character is defined by two bytes. That is, the even bytes are 
used for specifying the Character Codes (The higher-order addresses of an external Font ROM are 
used. The Raster Address RAo-RA4 is used for the lower-order address.), and the odd bytes are 
used for specifying the Attribute Codes. 


Character-Code Byte (cc) Attribute Byte (AT) 


7 6 5 4 3 2 1 +0 7 6 5 4 3 2 1 #90 
naan jfk e eli 8 es 


The addresses of the Character Font ROM t t t 


Blink Background Foreground 


The Font ROM data is input to PCDC by the EC pin via the RD bus. (The leading Display Data is 
connected for sequential input from RD7 to RDo. If the data consists of nine or more bits, the ninth 
bit and any consecutive bits are connected in the sequence of R15 to RDs.) 

When data from the Font ROM exists (when RD=‘1)), the color (out of 16 possible colors) specified 
by the lower four bits (Foreground) of the Attribute code is displayed. When no data from the Font 
ROM exists (when RD =‘0’), the color (out of 8 possible colors equivalent to Intensity bit= ‘0° of IRGB) 
specified by Bits 4, 5, and 6 (Background) of the Attribute code is displayed. However, the above 
holds true in case Bit 5 (Blink) of the Mode Register is ‘1°. When Blink= ‘0, the text will not blink 
and, when no data from the Font ROM exists, the color specified by the highest four bits of the Attribute 
code is displayed. (The MSB of the Attribute code will become the Intensity bit of the Background 
to enable selection from 16 colors.) 

When Blink=‘1°, any character for which the MSB BL of the Attribute Code is ‘1° will blink in 32-field 
cycles. That is, the Background color (one of 8 colors) will be displayed during a 16-field interval, 
regardless of the presence/absence of data from the Font ROM; then, during the next 16-field interval, 
the Foreground and Background colors will be displayed according to the presence/absence of data 
from the Font ROM. 
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The difference between the Low Resolution and High Resolution Text Modes is that the text is re- 
spectively displayed as single and double PELs. For details, see section 3-2, “MODE REGISTER.” 


The shape of the cursor is controlled by the Cursor Start Raster Register (R10) and Cursor End Raster 
' Register (R11), and its display position is specified using the Cursor Address Registers (R14, R15). 


Raster Address ___ Line No. 


0 
| 
| |e 
Nr 
































_A+(WV—I)N A+(V-I)N+1 


| 














A+(V—-I)N 











Z---o 
—— 
< 
| 
anh. 


A+(V-—I)N4+1 


When Start Address (R12, R1i3)=“A”, horizontal display character=“N”, vertical display 
character = “V”, and Maximum Raster Address = “Nr” have been set, the relationship between the 
screen display position of the Refresh Memory Addresses and the Raster Addresses conforms to 
the above figure. Taking the character at Address “A + 1” as an example, the address of A + 1 
is output “Nr + 1” times (at each output, the Raster Address is sequentially incremented from 0 to 
Nr), and the VRAM data having that address is read at each output (in two-byte units, with the even 
bytes signifying the Character Codes and the odd bytes signifying the Attribute Codes). Next, the 
Character Code read from VRAM is latched by an external circuit and input to the higher-order 
address of the Font ROM. Since the Raster Address is input to the lower-order address, each time 
the Address A + 1 arrives, the data of the consecutive lines (from 1stto lower) is read. (Line switching 
is performed according to the Raster Addresses.) Then, according to the Attribute Code that is read 
together with the Character code from VRAM, the color is selected for the higher- or lower-order 
bits depending on whether Font data is present or absent, and the character is displayed. At this 
time, when A + 1 has been set at the Cursor Address Registers (R14, R15), the cursor will also be 
displayed over the character being described above. Similar to the case when Font data is present, 
the cursor color will be selected according to the lower four bits (Foreground) of the Attribute Code. 
In case both B and P of the Cursor Start Raster Register are set to ‘(0° as with the IBM PC Standard, 
the cursor will blink in 16-field cycles. The border of the display area will be displayed in the color 
selected by Bits 0-3 of the Color Register. (When BINH='1,, the border will be displayed in black, 
the equivalent of RGB = “0000”.) 


Address 

‘ The memory map for Text Mode consists of 

two-byte units as shown on the left. (Be sure that 
the even bytes are Character Codes and the odd 

e bytes are Attribute Codes.) 

3 





AT 


There are two types of Kanji Display Modes: one processes kanji in two-byte units and the other 
in four-byte units. In case of two-byte units (GRMo= 0°), a portion of the odd bytes used for Character 
Code(H) is used, so the Attributes will become simplified. In case of four-byte units (GRMo=‘1)), 
two bytes are used for the Character Code, one byte is unused, and the remaining byte is used for 
the Attribute Code (with functions identical to those of Text Mode). For details, see the description 
of kanji display on Page 30 of subsection 3-6-10, “Address 24H.” 


0 Character Code (L) | 0 | Character Code (L) 
1 Character Code (H) Character Code (H) 
+ simple Attributes a Not used 


3 Attribute 


4-2. GRAPHICS MODES 


4-2-1. 1 Byte Modes 


There are two types of IBM PC Standard Graphics Modes: the 640 x 1 Bit Mode (with 200 rows of 
640 PELs, and referred to as the High Resolution Graphics Mode for the IBM PC) wherein each bit 
of a byte has a 1:1 correspondence with the display PELs, and the 320 x 2 Bit Mode (with 200 rows 
of 320 PELs, and referred to as the Medium Resolution Graphics Mode for the IBM PC) which controls 
the display color using two-bit units of one byte (so that the size of display PELs in the horizontal 
direction is double that of the 640 x 1 Bit Mode). 

The numerals 640 and 320 are representative examples of the quantity of display PELs in the hori- 
zontal direction and that quantity is changed by the setting at the Horizontal Displayed Register 
(R1). Therefore, the 720 x 348 Graphics Mode of Hercules can also be displayed. (Its Display Mode 
is identical to that of the 640 x 1 Bit Mode, but the only quantity of display PELs differs.) 


4-2-1-1. 640 x 1 Bit Mode 
This mode is enabled when GRMi=GRMo='0 


7 65 43 21 0 and Bit 4 of the Mode Register is ‘1°. The display 

PELs have a 1: 1 correspondence with each bit 

EP te ae eal of the bytes read from VRAM. When data exists 
1st 2nd 3rd 4th 5th 6th 7th 8th ae 

PEL PEL PEL PEL PEL PEL PEL PEL (RD='1)), the color (out of 16 possible colors) 


selected by Bits 3-0 of the Color Register is dis- 

played. When no data exists (RD='0°), black 

(IRGB = “0000”) is displayed. The border is si- 

milar displayed in black (IRGB = “0000”). 
4-2-1-2. 320 x 2 Bit Mode 

This mode is enabled when GRM1= GRMo= ‘0° 


7 65 4 3.2 4 0 and Bit 4 of the Mode Register is ‘0°. Since two 
ioe 4 bits of each datum read from VRAM specify the 
: C : Co}C1 Co] Ci C | 
aL |r cole : color of the display PEL, up to four colors can 
f T t t 


be simultaneously displayed. 
The size of the display PELs in the horizontal 
direction is double that of the 640 x 1 Bit Mode. 


ist 2nd 3rd 4th 
PEL PEI. PEL PEL 


sii A in Sa a aca aca NR RAMA, Ma AGMA MOEN Ae MBE Rc SAD LAER I AR ON ARNON TAN NN RCAC NEARS SRDS 1248 IO 75 2 AN he > LARS LANGA RSA NAG AGA DSAAAAMMSEAAK: s GDL. GEGESSSAMSSyuabicks GMAAOAD ss ezndcnnanmmmans ambRSAAE AnEAES. cans abbmbsetaiecsscaads sepsnesanmecs:1LGs emcee eT SERES: peat Loecarnea Ty enue easaciaeet seq reaeey space meet ue Erb LLL cfibue hy vey gmeaeyceemnaes smarts ya-scun pm sesusyecipir ieee oc ce 


The four colors that can be displayed are preset as two types (SET1 and SET2), and are selected 
by Bit 5 of the Color Register. (Bit 5='1 selects SET2.) When Bit 2 of the Mode Register is ‘1° 
(B/W='1'), however, both SET1 and SET2 become the same color set. 








Color 















Background 





SEL SEt SEL 


SEL SEL SEL 
I R Qa R G B 







SEL 





Color 1 IN 0 1 0 1 1 
Color 2 et 4 0 1 0 0 
Color 3 ee a #44 


When Ci=Co= 07, the color is selected by Bits 3-0 (sequentially, SEL-I, -R, -G, and -B) of the Color 
Register for display. (The same holds true for the border, but when BINH=‘1', the border will be 
displayed in black (IRGB=“0000").) | 

Each of the color 1-3 is able to select SET1 or SET 2. Bit 4 (SEL-IN) of the Color Register also controls 
the Intensity of the color 1-3. 


4-2-1-3. 160 x 4 Bit Mode 
This mode is enabled when GRM1=GRMo='1. 


Since the color of each display PEL is specified 

in four-bit units of the data read from VRAM, up 
R RG) B : : 

to 16 colors can be simultaneously displayed. 


The size of the display PELs in the horizontal 
direction is four times that of the 640 x 1 Bit Mode. 
The border will be displayed in the color selected 
by Bits 3-0 of the Color Register (but when 
BINH= ‘1’, the border will be displayed in black 
(IRGB = “0000”)). 


1st bai 2nd be L 


(Memory Map) 

The CGA software for the IBM PC is designed so ‘that the data of the even lines and odd lines is stored 
in separate banks, then the banks are switched according to the Raster Address RAo for the reading 
of the data (2 Bank Mode). 


Address 
0 
1 
Even Scan (0, 2, 4,.... ) 
t 
“ei92—| 
8193 Odd Scan (1, 3, 5,....) 





With Hercules software, the data is stored in separate banks in four-line cycles, then the banks are 
switched according to the Raster Address RAo, RA1 (4 Bank Mode). That is, the data of Lines 0, 4, 
8, ... is placed in the first 8K bytes, the data of Lines 1, 5, 9, ... is placed in the next 8K bytes, the 
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data of Lines 2, 6, 10, ... is placed in the next 8K bytes, and the data of Lines 3, 7, 11, ... is placec 
in the last 8K bytes. As result, a memory capacity that is double that for the 2 Bank Mode is required. 


The units (per character) for setting the horizontal- related 6845 registers is 16-PEL units by 640 x 
1 Bit Mode conversion in case of the Graphics Mode. Be sure to use memory from a even-numbered 
address. 


4-2-2. 2 Byte Modes 


In the Graphics Modes expanded beyond the IBM PC Standard, a memory capacity double (per bank) 
that of the 1 Byte Mode is required, but an increased quantity of colors can be simultaneously dis- 
played. 


4-2-2-1. 640 x 2 Bit Mode . 
ist Byte 2nd Byte 


7 6 5 4 3 2 1 0 
i} ‘j | t 
1st 2nd 3rd 4th 5th 6th 7th 8th 
PEL PEL PEL PEL PEL PEL PEL PEL 


This mode is enabled when GRM1= 0°, GRMo=‘1,, and Bit 4 of the Mode Register is ‘1°. The 
display colors are identical to those of the 320 x 2 Bit Mode (simultaneous display of four colors), 
and the size of display PELs is identical to that of the 640 x 1 Bit Mode. 


4-2-2-2, 320 x 4 Bit Mode 


1st Byte 2nd Byte 
7 6 5&5 4 3 2 #1 #0 7 6 5 4 3 2 1 +0 
i R G B | | R G B 1 R G Byt R G 
t t t t 
ist PEL 2nd PEL 3rd PEL 4th PEL 


This mode is enabled when GRM1='0'", GRMo='1’, and Bit 4 of the Mode Register is ‘0°. The 
display colors are identical to those of the 160 x 4 Bit Mode (simultaneous display of 16 colors), 
and the size of display PELs is identical to that of the 320 x 2 Bit Mode. 


4-2-3. 4 Byte Modes 
In the Graphics Modes expanded beyond the IBM PC Standard, a memory capacity four times (per 
bank) that of the 1 Byte Mode is required, but an increased quantity of colors can be simultaneously 


displayed, making possible a variegated display. 


4-2-3-1. 640 x 4 Bit Mode 


1st Byte 2nd Byte 3rd Byte 4th Byte 
De 4 8 otal |’e ao lol ge 2a. Taille 94 55. 16 
'h Sal! Sa} | Sai’ Sa]! Sa]! Sell! Sal! Sp 
T T t T T t T T 
ist 2nd 3rd th Sth 6th 7th 8th 
PEL PEL PEL —— PEL PEL PEL PEL PEL 
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This mode is enabled when GRM1='1'", GRMo= ‘0’, and Bit 4 of the Mode Register is ‘1°. The 
display colors are identical to those of the 160 x 4 Bit Mode (simultaneous display of 16 colors), 
and the size of display PELs is identical to that of the 640 x 1 Bit Mode. 


4-2-3-2. 320 x 8 Bit Mode 


1st Byte 2nd Byte 3rd Byte 4th Byte 
[76 5432 19] [6 54 3210] [76 54 32 10] [76 4 32 10 
t t i t 
1st PEL 2nd PEL 3rd PEL 4th PEL 


This mode is enabled when GRM1='1', GRMo= ‘0°, and Bit 4 of the Mode Register is ‘0°. Since 
the color of each display PEL is specified in byte units, up to 256 colors can be simultaneously 
displayed. The size of the display PELs is identical to that of the 320 x 2 Bit Mode. The border 
will be displayed in the color selected by Bits 3-0 of the Color Register (but when BINH='1’,, 
the border will be displayed in black (IRGB = “0000”)). 


[pe [ea [to] 


Re Ri Ro Ge Gi Go Be Bi 


(BO is identical to B2) 


When CPLE='1 and SWC ='1', the eight-bit data will be sequentially output to correspond to 
each bit of the Color Palette as shown above. (The Color Palette will not be used, but set 
CPLE='1..) This eight-bit output is used as the addresses of an external Color Lookup Table, 
enabling the simultaneous display of 256 colors out of large number of colors (for example, 
4096 colors). Bois made an output identical to B2 so that the Blue 2 bit is converted into a pseudo 

Blue 3 bit as shown below: . 





Consequently, 256 colors can be simultaneously displayed even if the three respective bits of 
R, G, and B are connected via a digital-to-analog converter to a linear RGB monitor. 
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5. MEMORY 


Since the PCDC allots time for the CPU even during display time, CPU can also read and write with 
respect to VRAM. (Reading and writing are possible at any time without waiting the retrace line 
time and without any display disturbance.) Since the timing the PCDC allots for the CPU and the 
timing for the arrival of Read/Write instructions from the CPU are asynchronous, a method has been 
adopted in which a Wait state is applied to the CPU by MEMRDY. This enables the CPU to read from 
and write to memory without requiring consideration for the timing during PCDC-VRAM data transfer. 


Timing o | 23 45 6789 ABCODEF O23 45 678 9 ABCODE F 


Master Clock | | | 


Receive Timing for R/W 
(SCT == 0) 


MEMRDY 
(SCT =0) 








A 
16BUS 
(SCT=1) \ Receive Timing for R/W 
XA —— Ne a ee 
8BUS 
(SCT= 1) Receive ive Timing for R/W | i Y 
eee 


(SCT = 1) 


The rising edge of MEMRDY is synchronized with Timing 1 of the above figure. On the other hand, 
the timing for Read/Write instructions from the CPU to VRAM conforms to Timing 4. Consequently, 
the minimum Wait time consists of approximately 13 Master Clock cycles from the time a Read/Write 
instruction is input at Timing 4, while the maximum Wait time consists of approximately “13 + 16” 
Master Clock cycles from the time a Read/Write instruction is input at Timing 5. For example, in 
case the Master Clock frequency is 14.318 MHz, the Wait time will be 0.9 to 2.0 microseconds. 

Since the interval between the rising edge of MEMRDY until the Read/Write instruction is received 
consists of only about three Master Clock cycles (210 ns in case the Master Clock frequency is 14.318 
MHz). As result, when a high-speed CPU is used, even if the next Read/Write instruction arrives 
440 ns after the Wait state is canceled, it cannot be received and must await the next R/W Receive 
timing. The Wait time in case of a 14.318 MHz Master Clock frequency will thus be as follows: 


1000 
14.318 


Since the use of a high-speed CPU is meaningless at the above speed, the PCDC provides a timing 
for a high-speed CPU in order to minimize the Wait time. When SCT is set to ‘1° (See Paragraph (1) 
of subsection 3-6-9, “Address 23H”), the rising edge of MEMRDY will synchronize with Timing 0 of 
the preceding figure, and the Receive Timing for Read/Write instructions will synchronized with 
either Timing 9 for a 16-bit bus configuration of the VRAM or Timing A for an eight-bit bus configuration 
of the VRAM. (In case the horizontal font size if 6 or 7, SCT will be invalid.) 





x 16x 2 — 440 = 1795ns = 1.8 ps 


Consequently, the interval from the rising edge of MEMRDY to the Receive Timing for a Read/Write 
instruction will consist of approximately nine Master Clock cycles (550 ns even in case of a 16.257 
MHz Master Clock Frequency). When a high-speed CPU used, since a Read/Write instruction arriving 
440 ns after the Wait state is canceled will be received, the Wait time in case of a 14.318 MHz Master 
Clock frequency will be as follows: 


1000 

panes 

14.318 
With an 8 MHz high-speed CPU, assuming that the interval following the cancellation of the Wait 
state until the output of the next Read/Write instruction lasts approximately 3.5 to 4.5 Processor 


Clock cycles, the Wait time will be 437.5 to 562.5 ns, so the Wait time reduction by SCT = ‘1’ will become 
effective. 


5-1. ADDRESS CONNECTION 


16 — 440 = 677 ns & 0.68 us 


The PCDC permits selection of either SRAM or DRAM for use as VRAM. In addition, an 8-bit or 16-bit 
bus configuration can be selected for the VRAM data bus. In subsection 3-6-12, “Address 26H,” the 
address output in case of a 16-bit bus configuration using SRAM was previously discussed. The table 
below describes the address output for the other cases. 


Conditions of Use 


SRAM, 16-bit bus Vis Vid VIB OV42 Vit Vi10 v9 v8 V7 V6 V5 V4 V3 v2 vi 
SRAM, 8-bit bus via" Via H/LOV12 vit vio ~=—-V9 V8 V7 V6 V5 V4 V3 Ve V1 
DRAM, 16-bit bus Vi2/V15 V14/V13 V10/V4 V9/V3 V8/V2 V7/V1 V6/VO V5/V14 CAS RAS XC 
DRAM, 8-bit bus V12/V14 V11/H/L V10/V4 V9/V3 V8/V2 V7/V1 V6/VO V5/V13 CAS RAS XG XR 





AD15 AD14 ADI3) AD12 AD11 AD10 

















AD9Q AD8&8 AD7 AD6~= AD5 












Vi5-Vo in the above table are the addresses output to the AD15-ADo pins described in subsection 
3-6-12. The “H/L” bit of the 8-bit bus configuration is the address for selecting the odd or even address 
byte. (H/L='1° selects the odd address byte. With the 16-bit bus configuration, two bytes (odd and 
even) are simultaneously accessed, so H/L is not output.) When Register Bank Ai5='0', V14* ofa 
SRAM 8-bit bus outputs GPE. (GPE is the ORed output of Bits 0 and 1 of the Control/ID Register.) 
When DRAM is in use, the Row addresses and Column addresses are output according to time 
sharing, and “a” and “b” of an address expressed as “a/b” respectively signifies a Row Address 
and Column address. In addition, the RAS and CAS timing required for DRAM use as well as the 
XR and XC signals for switching the CPU addresses are also output from the AD3-ADo pins. 

PCDC employs a method of outputting only the addresses for display use to VRAM, with the addresses 
from CPU for accessing VRAM being externally multiplexed. The LSB of the CPU-side addresses 
are used for specifying the even and odd address bytes. With an 8-bit bus configuration, therefore, 
the LSB on the CPU side is connected to the bit corresponding to H/L. With a 16-bit bus configuration, 
the WE signal of VRAM is externally generated from the WE signal of PCDC and the LSB on the CPU 
side (see CHAPTER 7, “SYSTEM CONFIGURATIONS”) and controls writing to the even and odd 
address bytes. (At this time, the output to the VRAM data bus, the switching between the odd and 
even address bytes during reading, and so on, are performed by the Ao pin, which is connected to 
the lowest-order address on the CPU side.) The other addresses of CPU are sequentially connected 
from the lowest bit to correspond to Vo-V15. 
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Ao= 


0 
VRAM Bus Configuration 


8-bit bus configuration RD7~0 RD7~o RD7~o RD7~0 
Rarer) | RDr~o | RDr~o | RDr~o | RDIWo | 


16-bit bus configuration RD15~8 


16-bit bus CPU | 16-bit bus configuration High Impedance 





The above table describes whether the higher- or lower-order side of the VRAM data bus will be 
valid, depending on the bus configuration of VRAM and CPU. The data bus that is disabled during 
writing will assume the high-impedance state. 


5-2. DRAM REFRESH 


DRAM requires refreshing for each of the 128 Row addresses within 2 ms at most, or for each of the 
256 Row addresses within 4 ms at most. Though the address output for display use should preferably 
satisfy the above conditions, the screen configuration will prevent them from being satisfied in some 
cases. 

For this reason, PCDC outputs the address for Refreshing outside of display time (during retrace 
line time). Since the addresses for display use are output during an period formed by the “value 
set to the Horizontal Displayed Register during Low Resolution Text or Graphics Mode + 1” (The 
value for High Resolution Text Mode must be divided by two for conversion into the value of the 
Low Resolution Text Mode), the difference of horizontal total character minus this period will become 
the timing for outputting the address for Refreshing. The addresses for Refreshing are output while 
counting only this interval. The count of the Refresh address at the next line will begin from the next 
address of the last one for Refreshing. The Refresh address counter consists of eight bits and the 
Refresh timing is output as a Row address, so RAS-only Refreshing can be performed. (Outside 
the display time, CAS is output at high level.) Assuming the setting of the horizontal total character 
to “M”, the horizontal displayed character to “D”, and the time for one horizontal character as “T”, 
perform setting so that the below relationship is satisfied: 


M — (D + 1) 
In the above equation, the double brackets “[[ ]]” signify that all values shall be rounded to integers..: 
Taking the example of a CGA-Standard setting with a Master Clock frequency of 14.318 MHz, since 
M= 38H + 1 and D= 28H, their decimal equivalents become M= 57 and D= 40, resulting in the below 
equation: 


128 : 
ed eres <2ms Equation 1 





T= x 16 = 1.117 pS Equation 2 
14.318 


Substituting Equation 2 into Equation 1 gives the following result, so it is evident that the Refresh 
conditions have been satisfied: 


128 
57 x 1.117 x —s = = < 
[a AI | 57x 1.117 x 8 = 509 us < 2ms 


With SRAM, note that refreshing is unnecessary and that setting can be freely performed without 
the above restrictions. 





6. MONITOR INTERFACES 
6-1. DIGITAL INPUT CRT _ 


A digital input CRT, such as the IBM color monitor, IBM monochrome monitor, EGA monitor, etc., 
is connected via a buffer (74LS244). (A buffer is required due to the large lead-in current of the 
monitor.) Any of these monitors is connected using a 9-pin D-shell connector, but be sure that the 
output from PCDC avoids conflict within its pin arrangement. 





































Color Monitor ee EGA Monitor peal 
oe 

(Gra) | (Gra) | Secondary Rea 
P| Green| 3 
ee "Primary Bu 
= Intensity a intensity Secondary Green Go 
Video Secondary Blue Ro 
re ee 
er ei 


Since Pin 2 requires grounding with a color or monochrome monitor (PCDC will output ‘0° level to 
Pin 2), so allow selection of Gnd or LD2 between an EGA monitor and others. With a monochrome 
monitor, even in case of using Gray Scaling/Hatching Mode and setting IEN to ‘1° to use Intensity, 
the Intensity signal will be output from the same pin listed in the above table (Set LS1=LSo='0' to 
enable the 1 Bit Serial Mode.). In case an EGA monitor will be used, perform setting so that the 
desired output can be achieved using the Color Palette (referring to the correspondence between 
the Color Palette bits in the above table). The same hold trues when using the Color Palette with 
a color monitor (also setting CPLE == 1° to enable the Color Palette). Since the Vertical Sync signals 
will be positive pulses for a color monitor, and will be negative pulses for a monochrome or EGA 
monitor, their polarity is reversed. But since the polarity is controlled by SYTH (SYTH='1' selects 
negative pulses), external control of polarity is unnecessary. 


Note that the insertion of a capacitor and resistor 


Buffer output aa ala Monitor after the buffer is effective in reducing the in- 
T terference between signals and preventing color 
deviation. (The respective values of the capacitor 


and resistors should be about 47p and 30 ohms. 


55 


6-2. LINEARRGB MONITOR __ 


Using a simplified method of digital-to-analog conversion which mixes the signal which outputs three 
bits each of R, G, and B via mixing resistors that conform to the weighting of those bits, the signal 
is converted into an analog signal for connection to a linear RGB monitor. The method of digital-to- 
analog conversion is simple but requires only a smail number of bits, and provides a satisfactory 
linearity similar to that of a photograph. When a linear RGB monitor will be used, be sure to set 
CPLE='1' and SWC='1° CSY shall be used as the Sync signal. (CSY is a Composite Sync signal 
created from the Horizontal and Vertical Sync signals, and is output from the CSY pin.) 























(A Waveform after Digital-to-Analog Conversion) 


6-3. COMPOSITE INPUT CRT _ 




















7T4LS244 


R2,G2,Bo 
R, ,G,,B, 


Ro,Go, Bo 


The Composite signals are created by resistor 
mixing. An NTSC color display is valid only with 
a 14.318 MHz (4fsc) Master Clock frequency. The 
mixing of DR, DG, and DB serves to provide the 
differences in intensity according to color, but 
colors will be displayed without the mixing. 
Mixing of BLA or LDo (BFP) respectively enables 
the control of the pedestal level or of the Color 
Burst signal offset. The B/W Composite signals 
can be achieved by avoiding mixing of BST, but 
gray scaling of 16 shades can be achieved by 
mixing DI, DR, DG, and DB (the mixing resistors 
will differ from those used for color display). 


nti] tr Mtr, 
ae (ie 





Fil 
(Phase Characteristics) 


The preceding photographs depict the output of an NTSC-standard Composite signal and its phase 
characteristics in the case of a 14.318 MHz Master Clock frequency (when using the previously-shown 
circuit). 

The Composite signals can also be created from the signals used for a linear RGB monitor, by in- 
putting the signals for linear RGB (R, G, B, and CSY) into a commercially available NTSC encoder 
(Motorola’s MC1377, Rohm’s BA7230L, etc.) and externally mounting a 3.58 MHz (fsc) X’tal for os- 
cillation of the color subcarriers. (For details, refer to the reference materials on NTSC encoders.) 


6-4. LCD 


Manufacturers are marketing a variety of LCD panels (with one- or two-screens or differences in 
the duty, quantity of horizontal display PELs, quantity of bits for data transmission, etc.). Never- 
theless, PCDC is capable of connection to these various LCDs by setting the Register Bank. 
(Connection can be made either directly or via a CMOS buffer). 





According to the increase in the quantity of data 
transmission bits, the relationship between the 


transmission data (DATA) and the Shift Clock 
Sa PULL (SCK) conforms to the figure on the left. Though 
} | Bit Serial _the time required for sending the data for four 
PELs is the same in any case, an increase in the 

DATA 9 3 ’ 
Pi feds [al quantity of transmission bits will reduce the SCK 


SCK | | | | frequency will be further reduced by half. In all 
SCK='0', so starting the transmission of data 
} 4 Bit Parallel during 1Bit Serial Mode are identical to those 

DATA |~4 
transmitted for a dual-drive type two-screen LCD, 


frequency. In case of 8Bit Parallel, the SCK 
cases, the first half of the data is sent when 
2 Bit Even/Odd SCK="1° and the last half is sent when 
ota [2 

at the falling edge of SCK is appropriate for LCD 
panels. When using a one-screen LCD or a sin- 
SCK | | | gle-drive type two-screen LCD, the SCK cycles 
of the Master Clock. Since the data for both the 
top and bottom screens are simultaneously 
however, the SCK cycles in 1Bit Serial Mode are 

double those of the Master Clock. 
With a dual-drive type two-screen LCD, the data of the upper and lower screens is respectively output 

to LD3-LDo and LD7-LD4. For other LCDs, the data is output to LD3-LDo. 
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Lc (ASY) | | | [ "| 


Data (LDs, LD7) [ p: | pe | ps J---—-—-—- p639 | D640 | (1 Bit Serial) 
LDs, LD7 Ds | Ds D637 | D639 

Data( )  }  —— -- — - — —- (2 Bit Even/Odd) 
LD2, LDs | De | Ds | De D638 | D640 





LDs, LD7 D633 | 0637 
LD2, LDe D634 | D638 
Data (4 Bit Parallel) 
LD1, LDs D635 | D639 | 
LDo, LDs | 0636 | D640 


Upper , Lower 
screen screen 


L.c (HSY) TL ja TL i l] i ) ale fl 
3 <- The numerals represent the 
FLM(VSY) r L — Display Lines. 


6-5. PLASMA DISPLAY 





LDs3 
LDe2 
Data (4 Bit Parallel) 
LD1 
LDo 
HSY 
<— The numerals represent the 
ee Display Lines. 
VSY 





(Though the quantity of bits used for data transmission is varied, the above figure illustrates the 
case of 4Bit Parallel Mode.) 
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For plasma displays as well, manufacturers are marketing a variety of types (with differences in the 
quantity of horizontal/vertical display PELs, quantity of bits for data transmission, etc.). Nevertheless, 
PCDC is capable of connection to these various types of panels by setting the Register Bank. Though 
HSY and VSY for Panel use do not satisfy interface specifications in some panels, HSY and VSY for 
CRT use can be inverted and used to achieve connection. Consequently, connection can be made 
either directly or via a CMOS buffer (an inverting buffer in some cases). 

With a one-screen plasma panel, the relationship between DATA and the Shift Clock SCK is identical 
to the case of LCDs. For panels capable of Intensity input, set IEN to ‘1° and perform connection to 
output Intensity to LD7-LD4. (A double-sequence output will be formed, but it will not affect the re- 
lationship between DATA and SCK.) 


6-6. EL PANEL 


EL panels can also be connected to PCDC. Although a few manufacturers presently exists, the in- 
terface specifications can be satisfied by inverting the Shift Clock for connection. (Connection can 
be made either directly or via a CMOS buffer (an inverting buffer for SCK only).) 

With a one-screen EL panel as well, the relationship between DATA and the Shift Clock SCK is 
identical to the case of LCDs. (Actually, since inverted SCK signals are used, the first half of the 
data is sent when SCK=‘0' and the last half is sent when SCK='1", which is suited for beginning 
data transmission at the rising edge of SCK.) 


Data (LDs) Ds | ---—-———-- (1 Bit Serial) 


U UW U OU. U U U U U U The numerals represent the 
VSY | ere: r— -— Display Lines. 
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7. SYSTEM CONFIGURATIONS 


7-1. USE OF SRAM (For 16-Bit Bus, CGA) 


Ban 


-+ XO 





Odd Address Bytes 










Address 
8K x 8 bit SRAM 


un 
w 
o 
e 
A) 
Ac) 
<< 





CPU 
i) 


Even Address Bytes 


8K x 8 bit SRAM 





Address 


Data 


a——_l 


Light Pen 


To monitor 


Initialization can be achieved by software according to the above figure. 
Initialization by hardware will conform to the below figure. 


RA4 (Set CGA mode) 


Light Pen LSW (Set 16 Bit Bus) 
LDT (Set SRAM as VRAM) 


RESET — 


+5 


The above configuration also permits display in the expanded Graphics Modes (The memory ca- 


pacity, however, needs to be expanded.). 
In case only graphics will be displayed, the Latch and Character Font ROM can be omitted. 


Since SRAMs are being used, the Hercules Mode or an 8-bit bus configuration is also possible. 
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64K x 4 bit 
DRAM x 2 


Address 


Light Pen 


Character 
Font 
ROM 


To monitor 
Initialization can be achieved by software according to the above figure. 
Initialization by hardware will conform to the below figure. 


As shown in the above diagram, the ESIO=1 setting is required for the HGC Full mode (For ones 
with other modes, the initial hardware setting is acceptable). In the case of the Half mode, adapt 
the ESY terminals for the 9 font input to enable for the initial hardware setting (Since the DC output 
from the character Font ROM will be connected to the ESYterminals, the bit used for AND and LATCH 
are not necessary. Refer to the PCDC board diagram in 10-2 for details.). 


— RA4 (Set Hercules mode) 
=| —> LSw (Set 8 Bit Bus) 
Light Pen 
aed — LDT (Set DRAM as VRAM) 


RESET— 





The above configuration also permits display in the expanded Graphics Modes (except 4 Byte 


Graphics Mode). 
In case only graphics will be displayed, the Latch and Character Font ROM can be omitted. 


Since DRAMs are being used, the CGA Mode or a 16-bit bus configuration is also possible. 
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7-3. KANJI DISPLAY | 


7-3-1. For 8x n (FON= 101) 


SRAM 
Data 


WE 
Address 





XA 
AD 
WE 





Address 


DRAMs can also be substituted. 
Kanji cannot be displayed using an 8-bit bus configuration. 
The Latch marked with an asterisk and the ROM (for intensity) are required only for controlling 


Intensity after setting GRM1= "1". 


7-3-2. For 16 x n (FON= 110) 


Data 


DRAM “° 


pe Lath 


Address WE 





SRAMSs can also be substituted. 

In Interlace Mode, the RA4 pin is connected to the lowest-order address of ROM. Because an 
signal inverted at every field will be output from the RA4 pin (set RA4=R/M='1)), the kanji 
will be displayed by interpolation of the even and odd fields. 
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7-4. USE OF A CHARACTER FONT RAM _ 





OE 
CE 
lak 
| 
al 








Vu 


6-0" 


PCDC 


ddress 
s 
a 
|_| 
i] 
Q- 
<6 





aa 
2 ee eee ee ee) 
mr ee ee 


/\ 
unanke-o(F 
rane fae 











ssauppy 


(Only SRAM can be used for the Character Font RAM.) 


DRAMs can also be used as VRAM. 
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7-5. USE OF A 16-BIT BUS CPU 






CDs-15 —— . 
(High Byte) — RA’ 
EI Address 
Data Address 
e 
WE CAS < 
Hd RAS 
() 
w qor n1) O lex 
= I 28 Ig Ks 2 |g I 
a x oc lO 


PCDC 


j 


(Low Byie} 


SRAMs can also be substituted. Alphanumerical or Chinese character display is possible. 
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7-6. OPERATING TIMING 


7-6-1. 16-Bit Bus Configuration 


0 1 23 4 5 6 7 8 § ABC DE F O12 3 4 5 6 78 9 ABCODE F 
Master Clock 


[UL 
/ ea —_{_ 


XA 


SRAM | ' 
\ CCL ee 


OE 





EC 





“a CPU « W L 
a High Impedance 
ADo-7 RAS |OthCAS}] — IstCAS | RAS |2ndCAS] — 3rdCAS — 


CAS = 

DRAM A. | eee as 
: 

XC ———— —_—e 


ae 


?—_ 4 fp 


1st latch output, post-VRAM ere fe 3rd_CC 


2nd latch output, post-VRAM Oth CC ie | | ana cc 
Latch output, post-Font ROM Ist Font Data 


The above figure shows the timing of the various signals in High Resolution Text Mode (in case the 
horizontal font size is 8 PELs). The Character Codes are latched by an external circuit at the rising 
edge of CCL, then are latched again at the falling edge of CCL in order to provide leeway in the 
access time of the Font ROM. After the data from the Font ROM is latched at the falling edge of 
CCL, it is input to PCDC by EC via the RD bus. 

The Attribute data is directly input to PCDC. (A lag occured between the timing of the Attribute and 
Font data is internally adjusted at PCDC.) 


In case of performing display by switching the Font ROM addresses in accordance with different 
Intensity value in the Attribute Code (for example, when normally using a Single PEL Font, but 





switching to a Double PEL Font in High Intensity Mode to achieve a Bold effect), increase the quantity 
of bits for the 1st and 2nd Latches to allow latching of the High Intensity value. (Since the Character 
Code and Attribute Code are simultaneously accessed due to the 16-bit bus configuration of VRAM, 
latching can be easily performed.) In Low Resolution Text Mode, the Oth and 1st address (as well 
as the 2nd and 3rd addresses) will be identical, and OE, EC, and CAS will change as depicted by 
the broken-line status in the preceding figure (but the data flow of Text display will be the same as 
that in High Resolution Text Mode). In (1 Byte) Graphics Mode, the timing of the various signals 
will be the same as that in Low Resolution Text Mode, but all display data will be directly input to 
PCDC from the RD bus. 


67 


7-6-2. 8-Bit Bus Configuration 


3°94 5678 9 ABC DE FOt23 45678 9I ABCODE F 


0 61 2 
master Clock [IPIPL LULA LILA AL A$ 


SRAM ( _ 


XA ne 


High Impedance 







LO U 


WE 


ADo-7 


oth cc | otnaT ist CC tst AT High Impedance 2nd CC | 2nd AT 3rd CG ard AT 
RAST cas CAS CAS CAS RAS] “Gas CAS CAS CAS 
RAS | | 
— 
] a \ 


DRAM 


CAS CPU 


MTL TB 


CPU 


CPU 


1st latch output, post-VRAM Oth CC 3rd CC 
2nd latch output, post-VRAM fT othce Ist CC 
Latch output, post-Font ROM Ist Font Data 


? F = Ee 


Il 
LU 


seene 


The above figure shows the timing of the various signals in High Resolution Text Mode (in case the 
horizontal font size is 8 PELs). The data flow is identical that for the 16-bit bus configuration, but 
the Character Codes and Attribute Codes are alternately accessed with an 8-bit bus configuration. 
For this reason, in achieve use a Bold effect, the High Intensity value in the Attribute Code must 
be latched at the rising edge of OE, latched again at the falling edge of CCL, then supplied to the 
Font ROM addresses. 
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Be sure that any unnecessary input pins of PCDC are pulled up or down in order to conserve power 
dissipation and to prevent destruction by static electricity. For the same reason, also be sure that 
any unnecessary I/O pins are pulled up or down. (Inthe sense of preventing a short-circuited current 
after Power Start-Up until the input/output have settled, do not directly connect to the power supply 
or GND, but pull it up or down via a resistor of about 10 Kohms.) 

The Register Bank, which hold the expanded functions beyond the IBM PC, are protected using a 
double-protection feature. If Bit 7 (Protect) of the Control Register will not be set to ‘1° using com- 
mercially available software, |OSEL will become unnecessary. In that case, IOSEL either should 
be pulled down to ‘0° level or can be used by direct coupling with the decode output (3BH or 3DH) 
for the I/O registers. (In the circuit example shown in CHAPTER 10, “PCDC EVALUATION BOARD,” 
IOSEL is directly coupled with the decode output.) In cases where it is possible to set Protect to 
‘1’, protection must be provided using IOSEL and two methods may be considered. One method 
sets IOSEL to a decode value that is different from the !/O registers. When set to 3CH, for example, 
the circuit will be as shown at the below left: 























MON IOSEL 
iow low 
IOR OR 


The other method utilizes the fact that the I/O Registers D and E are unused in CGA Mode and employs 
the same I/O ports as those of CGA for writing to the Register Bank, even with an MDA or HGC. 
A sample circuit for this method is shown at the above right. The MON signal therein is used by 
CGA, MDA, and HGC for switching the decode values for the I/O registers. 


The PCDC outputs GPE (see the description on A15 on page 3-6-12) and PEN (see the description 
on PEN output on page 3-6-15) as the Control signals for HGC. An example of the use of these signals 
is shown in the below figure (for full Hercules compatibility). 


MON —enEMP GPE is made to correspond to the 4K byte 
capacity of VRAM under MDA and is ANDed 

with A12 to A14. In case pages or graphics will 

be used with HGC, however, GPE will become 

SENG ‘1’ so that A12 to A14 will be enabled. In CGA 
—— memw mode, A12 and A13 are constantly being used. 
Therefore, when MON = ‘0’ (for use with CGA), 

the OR operation on GPE and MON will cause 


14° the AND circuit to operate simply as a buffer. 
Address 
13’ | Multiplexer 








GPE PEN 
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In Hercules PAGE mode, PEN is used in the case where the values of the memory map will be decoded 
as B0000 to BFFFF. When PEN=‘0", the memory map values of HGC will be decoded as B0000 to 
B7FFF. When PCDC will be used in CGA mode, PEN will constantly equal ‘(0° and the memory map 
values will be decoded as B8000 to BFFFF. 
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8. 


ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


8-1. 


8-2. 











Item 
Supply voltage F +7.0 
Input voltage Voo+ 0.3 
Output voltage : Voo + 0.3 
Operating temperature +70 
Storage temperature +125 





Supply voltage: +5V + 5% (based on Vss = 0.0V) 
Operating temperature: 0-70 °C 


8-3. DC CHARACTERISTICS (VpD = 5V + 5%, Top = 0-70 °C) 























Condition 
lon= —0.4mA 











High-level output voltage (for TTL driving) 


Low-level output voltage (for TTL driving) loL.=0.8mA 
High-level output voltage (for CMOS driving) |lou| <10pA 
Low-level output voltage (for CMOS driving) [lot] <10pA 


High-level input voltage 
Low-level input voltage 
Input leak current 

OFF status leak current 
Power current (during normal operation) 
Power current (during Standby) 





ILZ applies while the CDO-CD7, RDO-RD15, X2, RA4, or ESY pins are in input status or while 
the ADo/XR-ADi5/GPE or MEMRDY pins are in high-impedance status. 
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8-4. AC CHARACTERISTICS (Vpp = 5V + 5%, Top = 0-70 °C) 


8-4-1. I/O Registers-CPU Interface (@CL = 100pF + 2LSTTL (CDo-CD7, BDIR)) 


ee 





Item Symbol 


Cycle time 
Read/Write pulse width 
Read/Write rise/fall time 


Address set-up time 

Address hold time 

Data set-up time 

Data hold time 

Data delay time 

Hold time for bus-direction switching 





Delay time for bus-direction switching 





teye 
Pw 
TK (aes, 
lOW(Write) A \ IV 
Benen ns tt 
IOSEL — 


——-  2v 


Nos eee en CRSA, 7 
eS oe 
TE 


_ tei 
>. = 2v 
i __| _X IV 
= as = 
ET } 
Cc | 
RQ 


CDo~7(Write) 


CDo~7(Read) — 


|, 0.8V 
ten 


BDIR oes 





8-4-2. VRAM-CPU Interface (@CL = 100pF + 2LSTTL (CDo-CD7, BDIR, MEMRDY)) 













Item 


Read/Write low-level pulse width 











Read/Write rise/fall times 
Address set-up time 

Address hold time 

Data delay time (during Write) 
Data hold time (during Write) 
Data set-up time (during Read) 
Data hold time (during Read) 
Delay time for bus-direction switching 
Hold time for bus-direction switching 
MEMRDY low-level delay time 
MEMRDY high-level hold time 











a ee 

When SCT =1, the maximum value of tow will be 3 x CK (3.5 x CK when the VRAM is of a 16 
bit bus configuration) and the minimum value of tos be —0.5 x CK (MEMRDY output will be 
advanced). CK indicates synchronization of the Master Clock. 

















Pw 
= SE EE $p 2V 
MEMW(Write) ea enereL eee Ns IV 
MEMR(Read) tas t t tan 
a ar 
es ee = — sy 
‘ vy, av 
O~1 6 ) 
es | _ {Vv 
CDo. (Write) Ne 
eee Rees \ IV 
tow tuw tur 
Tay, \— ia) 2.2V 
CDo~7(Read) ————— he Ll 
vik /\ _ 7 0.8V 
te i ee 
tos ee 
High Impedance = ——\— High Impedance 2.2V 
MEMRDY 
—_.. 4 0.8V 
tep teu 
—-— 2.2V 


BDIR —_—_—-——____. 
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8-4-3. VRAM-PCDC Interface 


8-4-3-1. 8-Bit Bus in SRAM Mode (@fMaster Clock = 16.257 MHz, CL = 100pF + 2LSTTL) 


ltem 








CCL,OE-Address set-up time 
CCL,OEodd -Address hold time 
OE-Data set-up time 

OE-Data hold time 

EC-Data set-up time 

EC-Data hold time 

EC pulse width 

OE-CCL delay time 

EC-OE delay time 

OE-EC delay time 

XA-OE delay time (during Read) 
EC-OE delay time (during Read) 
OE pulse width (during Read) 
XA-Data set-up time (during Read) 
XA-Data hold time (during Read) 
WE-Data set-up time (during Write) 
WE-Data hold tire (during Write) 
WE pulse width (during Write) 
XA-WE delay time (during Write) 
Address Disable-XA delay time 
XA-Address Enable delay time 


_ 
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Typ. Max. 
150 


92 
30 
60 
150 
60 
92 


120 
92 
30 
60 





CCL 


ADo~i5 


RDo~7 
(Read) 


RDo~7 
(Write) 


WE 




















fond 
a 
= 











CHOCO 














Ff ten 2 ton | 

i giles ee 
Gi:an +a -an a 
lV pamela [\ f- an, 
tes L 

ten . 





EE a AS RE A DA SE 
i! 
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2.2V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


Item 


Row address set-up time 

Row address hold time 

Column address set-up time 
Column address hold time 

RAS precharge time 

CAS precharge time 

RAS pulse width 

CAS pulse width 

Address Disable-XR delay time 
XC-Address Enable delay time 
XR-RAS set-up time 
XR-RAS hold time 

XC-CAS set-up time 

XC-CAS hold time 

CCL,CAS-Data set-up time 
CCL,CAS-Data hold time 
OE,CAS-Data set-up time 
OE,CAS-Data hold time 
OE,RAS-Data set-up time 
OE,RAS-Data hold time 

EC-Data set-up time 

EC-Data hold time 

EC pulse width 

EG-CAS delay time 

RAS-EC delay time 

EC-CAS delay time (during Read) 
XC-Data set-up time (during Read) 
XC-Data hold time (during Read) 
CAS-Data set-up time (during Write) 
CAS-Data hold time (during Write) 
WE-CAS set-up time (during Write) 


Symbol 


tase 
tRAH 
tasc 
tCAH 
tre 
tcp 
tRAS 
tcas 
TAX 
TxA 
txrs 
TXRH 
txcs 
txcH 
tos1 
tDH1 
tos2 
tpH2 
tos3 
tDH3 
tes 
teH 
tec 
tes 
tRE 
tER 
trs 
tRH 
tws 
twH 
twcs 


twWCH 
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8-4-3-2. 8-Bit Bus in DRAM Mode (@fMaster Clock = 16.257 MHz, CL = 100pF + 2LSTTL) 


Min. Typ. 


25 
30 
25 
85 


30 
60 
60 


30 
85 
60 
60 


~-oh 9501S Se FES Ws I ee 


RAS 


ADow~7 


CAS 


EC 


OE 


RDow~7 
(Read) 


RDo~7 
(Write) 


WE 











as ot eae 
A 2 
id 7 
+ 
2D 
> 


mee 


X 





tasc . tea Cop 
| —_ 














H { 

















yj | 




















7 








2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2V 


| 


<= 


2.2V 


0.8V 


8-4-3-3. 16-Bit Bus in SRAM Mode (@CL = 100pF + 2LSTTL) 








Item Symbol Min. Typ. 
(CCL-Address set-up time tas 170 180 
((CL-Address hold time taH 0 
(CCL-Data set-up time tps 20 
CCL-Data hold time toH 10 
EC-Data set-up time tes 30 
EC-Data hold time teH 0 
EC pulse width tec 55 
OE-CCL delay time toc 80 90 
EC-OE delay time teo 10 20 
OE-EC delay time toe 40 65 
XA-OE delay time (during Read) txo 120 130 
EC-OE delay time (during Read) ter 40 65 
OE pulse width (during Read) tor 80 90 
XA-Data set-up time (during Read) trs 25 
XA-Data hold time (during Read) tRH 10 
WE-Data set-up time (during Write) tws 80 
WE-Data hold time (during Write) twH 15 
WE pulse width (during Write) twp 100 110 
XA-WE delay time (during Write) txw 80 90 
Address Disable-XA delay time tax 40 65 
XA-Address Enable delay time ixA 40 65 





Horizontal PEL quantity = 8-10 Horizontal PEL quantity = 6, 7, 4 Byte 
fMaster Clock = 22.4 MHz Graphics Mode, or 4 Byte Kanji Mode 
fMaster Clock = 16.257 MHz 


OE 


RDow1s 
(Read) 


RDowis 
(Write) 


WE 








79 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 


0.8V 


2.2V 
0.8V 


8-4-3-4. 16-Bit Bus in DRAM Mode (@CL = 100pF + 2LSTTL) 


Item Min. Typ. 

Row address set-up time 40 60 
Row address hold time 20 30 
Column address set-up time 20 30 
Column address hold time 40 60 
RAS precharge time 100 

CAS precharge time 60 

RAS pulse width 140 

CAS pulse width 80 

Address Disable-XR delay time 40 60 
XC-Address Enable delay time 40 60 
XR-RAS set-up time 40 60 
XR-RAS hold time 20 30 
XC-GAS set-up time 40 60 
XC-CAS hold time 85 92 
CCL,CAS-Data set-up time 20 
CCL,CAS-Data hold time 10 
CCL,RAS-Data set-up time 20 
CCL,RAS-Data hold time 10 

EC-Data set-up time 30 

EC-Data hold time 0 

EC pulse width 55 

EC-GAS delay time 40 60 
RAS-EC delay time 40 60 
EC-CAS delay time (during Read) 85 92 
XC-Data set-up time (during Read) 25 

XC-Data hold time (during Read) 10 

CAS-Data set-up time (during Write) 20 30 
CAS-Data hold time (during Write) 85 92 
WE-CAS set-up time (during Write) 40 60 
WE-CAS hold time (during Write) 40 60 





Horizontal PEL quantity = 8-10 Horizontal PEL quantity = 6, 7, 4 Byte 
fMaster Clock = 22.4 MHz Graphics Mode, or 4 Byte Kanji Mode 
fMaster Clock = 16.257 MHz 











RAS 
ADo~7 
CAS 
XR 
XC 
pf ee 
EC = Li ae Pcs wate 
ae 
bas inet ee 
RH 
a iN EERE Bs fy poy 
RDowis |)—{ b+ [pP—t++~| fh 
(Read) 1 GED. eck 6 sae (ee f {; \ 
DHI 
| a ee 
= ——O= 0: eine 
(Write) jf i‘(i‘tltC fy \ nee ae 
veal twen 
SNE ID, 
. _ [ N 
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2.2V 
0.8V 


2.2V 


0.8V 


2.2V 
0.8V 


2.2V 


2.2V 


8-4-4. Control Data Interface (@CL = 100pF + 2LSTTL) 


Item 







Vsy Data set-up time 
Vsy Data hold tirne 











I ae eae aE a ee ae ee A 
The Control Data is valid when the rising edge of VSY occurs outside the display time (when 
it occurs during the horizontal/vertical retrace line time). In such a case, which includes the 
Control Data output time, the RAS, CAS, and OE pins will go high. 














8-4-5. Monitor Interface 


PCDC is capable of a diversity of interfacing methods for various monitors due to its setting of the 
Register Bank. The examples introduced for reference herein describe the LCD and CRT. 


8-4-5-1. LCD (@CL = 100pF (Capacitive load only)) 





Item 
FLM-LC set-up time tFLs ps 
FLM-LC hold time tFLH ps 
LC high-level! pulse width tLH ns 
LC-SCK delay tirne tLsp : us 
SCK-LC delay tirne tsLp : | LS 
DATA-SCK set-up time toss tsc/2 ns 
DATA-SCK hold time tosH tsc/2 ns 
LC, SCK, ECK rise/fall times tr, tf ns 
SCK pulse width tsH, tse Tsc/2 ns 
SCK cycle time tsc tsc ns 
ECK set-up time-1 tes1 2xCK ns 
ELK hold time-1 teH1 tsc/2-2xCK ns 
ELK high-level pulse width-1 tewH1 tsc/2 ns 
ECK set-up time-2 tes2 4xCK ns 
ECK hold time-2 ten2 4xCK ns 
ECK high-level pulse width-2 tewH2 4xCK ns 
M delay time to ns 













1. CK represents the Master Clock cycles. 

2. The SCK cycle time (tsc) is the product of the quantity of data transmission bits times CK. 
With 2 Bit Even/Odd, for example, tsc = 2 x CK. Since tsc will be doubled for a two- screen 
LCD (dual-drive type). For 4Bit Parallel, for example, tsc = 2x 4x CK = 8x CK. 

3. ECK becomes valid during 4Bit Parallel Mode. 

4. Values listing only a Typical value with no Min. value, should be considered as follows: Typ. 
— 30 ns = Min. 




















CC. fs.) a OTT ETAT, Vop-0.8V 
09 (x 
— __________J 0.8V 
tf SLO_ LsD 
ee Ne 
z \ ig Vpp-0.8V 
LC scare = 5 foes eee 0.8V 
ve trun lee Sate 
as. cepeeanenpmreren, eer | Vpp-0.8V 
FLM ; Lt 
ES2 ten2 an ten; 
Ni aN a 
ECK am ——————————_4 0.8V 
tewue to fr| tewn tf 
M ( Vpp-0.8V 
ee ee ee ane RARE, 0.8V 
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8-4-5-2. CRT (@fMaster Clock = 14.318 MHz, CL = 100pF + 2LSTTL) 


SY pulse width 
HSY-CSY delay time 
CSY-Color Burst delay time 
CSY-BFP delay time 
BFP time width 
Color Burst time width 
Color Burst-Left Border delay time 
Left Border time width 
Right Border time width 
Right Border-Hsy delay time 








Vertical displayed time width 
Vsy-Top Border delay time 

Top Border time width 

Bottom Border time width 
Bottom Border-Vsy delay time 
Horizontal displayed time width 
Hsy cycle 

Vsy cycle 

Vsy pulse width 

Output rise/fall times 





9S 10 tale er nO On a De Rr aS ce en ee 


The above timing applies to the case where the CGA-Standard values have been set at the 6845 
registers. (See subsection 3-1-18, “Sample Setting Values using IBM PC”) 
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HSY 


CSY 


BST 


BFP 
(LDo) 


BLA 


LD4-7 


VSY 
CSY 


BLA 


LD4-7 


trp 
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2.2V 


0.8V 


0.8V 


0.8V 


0.8V 


0.8V 


Rae ONT eg REE ES IS OTE OEE aN Lee RT A RRR CY OO ee CL 


8-4-6. External Clock 


Clock frequency-1 
Clock frequency-2 
Clock duty 





tH tL 


=-—— or 
Duty tcyc tcyc 





NOTE: ____ a rae ee 
An external clock of “clock frequency - 1” will apply in cases where the VRAM data bus has 
a 16-bit bus configuration with a horizontal font size of 6, 7 PELs or in 4 Byte Graphics Mode 
or 4 Byte Kanji Mode, or in cases where the VRAM data bus has an 8-bit bus configuration. 
“Clock frequency - 2” will apply in all other cases when the VRAM data bus has a 16-bit bus 


configuration. 


8-4-7. Terminal Capacity 








Item Condition 





Input terminal 

Output terminal 
Input/Output terminals 
Output load capacity 


No load 
No load 
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10. PCDC EVALUATION BOARD 


This chapter describes the Graphics Board which was designed for evaluation of PCDC and is 
compatible with CGA, MDA, and HGC for the IBM PC. The main specifications of this Graphics Board 
are as follows: 


VRAM Used: One 256K SRAM with a 32k byte x 8 bit configuration 
VRAM Data Bus: 8-bit bus configuration 


Connectable Monitors: IBM color/monochrome monitor, EGA monitor, NTSC-Standard com- 
posite input CRT, and various Panels (LCD, Plasma Display, EL) 


Fonts Used: 8 by 8 PELs (Double PEL Font) or 8 by 14 PELs 
_ Light Pen Connection: Possible 
Printer Interface: None 


A switch (SW3) is provided for enabling selection of the default status after Power Start-Up as CGA, 
MDA or HGC. In case of a standard combination of software and a monitor, therefore, initialization 
by software becomes unnecessary. (The VRAM type and data bus configuration are also initialized 
by hardware according to the level of LDT pin and LSW pin at RESET, which are set to “1” by pull-up 
resistors. After resetting, the clock input terminals function as X1 terminals — input 16.257 wHz to 
these terminals in the case of MDA and HGC.) SW1 is used for switching the higher-address decode 
values for the I/O registers and memory into values for use by CGA, MDA or HGC. SW2 is used for 
font selection. 

A 640 by 400 PEL LCD, plasma display or EL will require a power supply other than +5V and -12V 
(such as — 25V, + 200V, + 15V, +30V, etc.), so connect such voltages directly to the Panel from the 
outside of the board. 
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10-1.LIST OF CONNECTORS 


IBM System Expansion Slots For the Panel 













































































| Pin Name Name | Pin | Pin | Name Name Pin 
| A _ GND B | | GND 16 
A2 | +D7 +RESET B2. 2 M GND 17 
A 3 | +D6 +5V B 3 3 LC GND 18 
A4 | +D5 B4 4 SCK GND 19 
A5 | +D4 B5 5 ECK GND 20 
A6 | +D3 B6 6 LDo GND 2I 
A7 | +D2 —|2V B7 7 LD| GND 22 
A8 | +DI B 8 8 LD2 GND 23 
AQ9 | +D0 +12V B9 9 LD3 GND 24 
A1l0} +!/0 CHRDY GND B10 10 LD4 GND 25 
All | +AEN —MEMW Bil 1 LD5 GND 26 
Al2| +A 19 —MEMR B12 12 LD6 GND 27 
Al3| +A 18 —IOW B13 13 LD7 GND 28 
Al4| +A 17 —|OR Bid (4 +5V GND 29 
A1l5| +A 16 BI5 15 FLM —|2V 30 
Al6| +A 15 B16 
Al7] +A 14 BI7 
A18| +A 13 B18 
A19! +A 12 BI9 For the IBM Monitor 
A20| +A 11 B20 (D-Shell Connector) 
A2l | +A 10 B2l Pin Name 
A22| +A 9 B22 ] GND | 
A23| +A 8 B23 2 2nd R 
A24| +A 7 B24 3 DR 
A25| +A 6 B25 4 DG 
A26| +A 5 B26 5 OB 
A27| +A 4 B27 6 DI 
A28| +A 3 B28 7 Video 
A239| +A 2 +5V B29 8 HSY 
A30| +A | +0SC B30 9 VSY 
| +A 0 GND B3I 





NOTE: Except for Panels, all con- For the Light Pen 








nections have the same pin Pin Name 
arrangement as that of the | 1 | —Light Pen Input(/LDT) 
IBM PC. 2 

3 —Light Pen Switch(/LSW) 

4 GND 

5 +5V 

6 +12V 
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10-2. CIRCUIT DIAGRAMS 
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10-3. INITIALIZATION SETTINGS 





In case the software and monitor used are different from the standard combination, initialization 
by software will be required after system start-up. (Once initialization has been performed, IBM 
PC software will be capable of being used as is without requiring any modification.) The initial setting 
of the Register Bank is achieved using the following procedure. (Any Read/Write operations with 
respect to VRAM shall be performed after initialization is completed.) 





1. Set Bit 7 (Protect) of the Control/ID Register to 1°. (Though IOSEL must be set to ‘0’ to enable 
writing to the Register Bank, because IOSEL is decoded by the PCDC Evaluation Board as 
3DH or 3BH, the selection of an I/O register automatically sets IOSEL to 0°.) 





2. Set Bit 7 (45S) of the Register Bank Address 3FH to ‘1° (thereby enabling a negative value 
to be written in case Vsy. Offset is used). 


3. Write the Register Bank's leading address 00H from I/O Register D. (20H is written if the 
Color Palette will not be used.) 


4. Write the data to the Register Bank from 1/0 Register E. (The addresses of the Register 
Bank are provided with an Auto Increment function, so the following data will be sequentially 
written.) 


5. After completing the writing of the data required for initialization, set Bit 7 (Protect) of the 
Control/ID Register to ‘0° (to inhibit any latter attempts to write to the Register Bank). 


The tables of the next two pages show sample initialization settings. (For correspondence 
with CGA software, IINH is set to ‘1° to prevent the screen from flashing during scrolling. 
The Hatching display is set for monitor types having a high display response speed, such 
as the IBM monochrome monitor, plasma display, and EL panels; Gray Scaling is set for 
monitor types having a slow display response speed, such as an LCD.) 


The first character of a file name represents the type of software used. (For example, the 
“C” in “CCOL.” signifies software for the Color/Graphics Monitor Adapter, and the “H” of 
“HMON” signifies software for a Hercules Graphic Card or Monochrome Display Adapter.) 
The remaining characters represent the type of monitor used. 


COL: IBM color monitor or an NTSC-Standard composite input CRT 
EGA: IBM EGA monitor 
MON: IBM monochrome monitor 
LCD4: 640 by 400 PEL LCD (1/200-duty two-screen LCD of single-drive type) 
(Seiko Electronics’ F642F, etc.) 
The numeric values enclosed in parentheses correspond to a 1/200-duty two-screen 


LCD of dual-drive type. 
(Tottori Sanyo Electric’s LCM-5213-01A, Seiko Electronics’ F642F, etc.) 


LCD2: 640 by 200 PEL LCD (1/100-duty two-screen LCD of dual-drive type) 
(Optrex’s DMF613, Hitachi’s LM236SB, Sharp’s LM64007G, etc.) 


LCD1: 640 by 200 PEL 1/200-duty one-screen LCD 
(Hitachi’s LM250X, Sharp’s LM64012W, etc.) 


PLA: 640 by 400 PEL plasma display 
(Matsushita Electronics’ MD400F640PD2) 


EL: 640 by 400 PEL EL panel 
(Sharp’s LJU640U06). 


_ Conformity to panel specifications will be achieved by using an 18 MHz Master Clock with LCD4 
' and PLA, and using an 8.5 to 10 MHz Master Clock with LCD2 and LCD1. The 16 bit bus configuration 
| is necessary because the master clock upper limit: 16.85 MHz will.be surpassed. 

Modification of the initialization settings will enable other LCDs (of 2 Bit Even/Odd type) or plasma 
displays to be easily connected. And by modifying the Color Palette, a display of the desired Gray 
Scaling or Hatching patterns can be achieved. 
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Correspondence with Software for CGA 






































































































































= Bank Data CCOL CMON | CLCD4 | CLCD2 | CLCDI CPLA CEL 
“00,01, Color Palette #0 | ‘00,00 | 0000 | ~~ (00,00)) 00,00 | 
02,03 Color Palette + | 00,00 00,00 (00,01)| 00,00 
04,05 Color Palette # 2 | 03,60 02,20 (02, 22)| 03,60 
06,07 Color Palette # 3 03,60 02,20 (02,23) 03,60 
08,09 Color Palette # 4 02,60 02,00 (02, 04)} 02,60 
0A,0B Color Palette # 5 02,60 02,00 (02, 05)| 02,60 
0C,0D Color Palette # 6 01,00 01,00 (01,06); 01,00 
OE,OF Color Palette #7 01,00 01,00 (01,07); 01,00 
10,1 Color Palette # 8 04,00 00,00 - ~~ (00, 10) 00,00 = 
12,13 Color Palette #9 04,00 00,00 (00, 11)} 00,00 
14,15 Color Palette #10 07,60 02,20 (02, 32)} 03,60 
16,17 Color Palette #11 07,60 02,20 (02, 33)| 03,60 
18,19 Color Palette #12 06,60 02,00 (02, 14)| 02,60 
1A,1B Color Palette #13 06,60 02,00 (02,15)| 02,60 
1C,1D Color Palette #14 05,00 01,00 (01, 16)} 01,00 
IE,IF Color Palette #15 05,00 01,00 (01, 17)| 01,00 
20 Duty | 00 c7 | 63(200.) | oo(icoL) | a0 00 
2| Hsize 00 4F(9F) OF 4F 4F 4F 
22 Vadj | 00 OF 07 07(25))  /oE OF 
23 Isct scul Hadj 00 01 0! Of (13) a IF Ol 
24 [MON = oS arta. oe 03 cz | o2 | o2 | o2 | 2. 
25 SYTH HERC SRAM BUS I6CP BINH | aaa B5 BI BO BO(30)} 31 BI 
26 RAG AIS EXP at eer 00 80 80 80 00 00 
27 LS 4 | TEN EXTS JINH ACM CPLE PRE 2B 8B 8B 8B 8B 0B 
28 | SWC VST SSY SSCK H/E p/a|2SCR Ol 67(66) 6E 65 Cl i 
29 ee ee i ae ee 00 00 13 00 00 00 
2A ee ee ae ae 00 00 00 00 00 00 
2B {2 eee a an ee 00 00 00 00 00 00 
| 30 =| ~~ Horiz. Totat oe =| 55 | 55 | ssqy| 59 | 53 
31 in Hsy. Offset F8 F6(F8) F8 F6(00)/ DC FA 
32 Vsy. Offset FD FD FD FD (00)} FD FD 
33 Sync. Width OF OA OA 0A OA OA 
34 Vert. Total 19 19 19 19 (1F) 19 19 
35 X X X Vert.Adjust 06 00 00 00 (06); 00 00 
36 X X X Max.Scan OD 07 07 07 07 07 
37 Fa TOS] Cur. Offset 1B 60 00 00 60 60 
38 Horiz. Total “35 | AT 2A(38)|  2C 29 
39 Hsy. Offset FF FB(FC) | FC FB(00)| EE FA 
3A Vsy. Offset FD F4 F4 F4(00)| F4 F4 
3B Sync. Width 07 OA OA OA OA OA 
3¢ Vert. Total 79 67 67 67(7F)| 67 67 
3D Vert.Adjust 02 00 00 00(06)| 00 00 
3E Max.Scan 0i 0l 0l 0! 01 0) 
|__3F [ass] SP] uLPosition | eo | 7 | ov | ow | 2 | 
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Correspondence with Software for MDA and HGC 

























































































































































































































a Bank Data HMON HEGA HCOL HLCD4 | HLCD2 | HLCDI HPLA HEL 
00,01 Color Palette + 0 ~~ | 00,00 00,00 
02,03 Color Palette + | 00,01 00,00 
04,05 Color Palette + 2 00,02 00,00 
06,07 Color Palette # 3 00,03 00,00 
08,09 Color Palette + 4 00,04 00,00 
0A,0B Color Palette #5 00,05 - 00,00 
0C,0D Color Palette # 6 00,06 00,00 
OE,0F Color Palette # 7 00,07 01,00 
10,11 Color Palette # 8 01,50 00,00 - 
12,13 Color Palette # 9 01,01 00,00 
14,15 Color Palette #10 00,12 00,00 
16,17 Color Palette #11 01,13 00,00 
18,19 Color Palette #12 00,44 00,00 
1A,1B Color Palette #13 01,45 00,00 
1C,1D Color Palette #14 00,56 00,00 
IE,1F Color Palette #15 . 01,57 02,20 
20 | ‘ Duty he - C7 63 
21, Hsize AF(9F) OF 
22 Vadj OF 07 
23. =| SCT SCU Hadj 00 00 00 Ol 01 
24 | MON — Eee of §& E2 £2 E2 E2 
25 SYTH HERC SRAM 8BUS 16CP BINH CLK FS F5 74 F5 F4 
26 RAG AIS EXP [ieee ae C00 00 00 80 80 
27 6 | IEN EXTS INH ACM CPLE PRE | 00 03 01 83 83 
28 | SWC VST SSY SSCK H/E pim|zscr 00 00 00 67(66) 6E 
29 —_|erayRREGESIO a et a 00 00 00 00 13 
2A gree "| aa os 00 00 00 00 00 
2B ee at 00 00 00 00 00 
30 Horiz. Total ; 5D 7I ‘55 55 
3 Hsy. Offset FF 06 FE(00) 00 
32 Vsy. Offset 00 03 00 00 
33 Sync. Width “| DA 0A 0A OA 
34 Vert. Total 19 IF 19 19 
35 |x xX X| Vert. Adjust | 02 06 00 00 
36 |x xX xX] Max. Scan 0D 07 07 07 
37 r Cur. Offset | 00 00 05 65 05 
38 Horiz. Total = a ae ie 2E rf 
39 Hsy. Offset FA FE(FF) 
3A Vsy. Offset 01 08 
3B Sync. Width | D5 OA 
3C Vert. Total | 5B 67 
3D X xX X Vert. Adjust 00 00 
3E X X X Max. Scan 03 03 
3F = 45S} FPS, | UL. Position | oc 0c | 07 07 07 
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IOUS a a ee 


1. The 6845 Preset Data (for Graphics Modes) have not been set because the 720 by 348 PEL 
display of HGC software cannot be displayed using either the 640 by 200 PEL display of an 
IBM color monitor or the 640 by 200 PEL display of an LCD. 

2. For the 640 by 400 PEL display of a Panel or the 640 by 350 PEL display of an EGA monitor, 
the above setting enables the display of 640 dots from the left in the case of HGC software 
for a 720 by 348 PEL display. (With an EGA monitor, however, a looped scan line will be 
displayed at the right edge of the screen.) 

3. Simultaneous display of an IBM color monitor and a 640 x 200, 1/200 duty one-screen LCD, 
can be enabled when a value in ( ) for the CLCDC is used (The SCK frequency, however, 
will be 3.5 MHz, exceeding the panel specified frequency of 2.5 MHz). 
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The specifications of this product are subject to improvement changes without prior notice. 
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Tel, 03-255-4481 


® Osaka Office 1-16, Shin-ashiyashimo, Suita-shi, 
Osaka, 565 
Tel. 06-877-7731 
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